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SUMMARY 

MCPA (4-Chloro-2-methylphenoxyacetic a c i d )  is a major   herbicide  used on 

C a l i f o r n i a  r ice  a n d   o t h e r   g r a i n   c r o p s .   I n  1979,  over  566,000 pounds  of MCPA 

s a l t s  and esters were a p p l i e d   i n   t h e  s ta te ,  an   increase   o f  60% s i n c e  1971.  

Use d a t a  show t h a t   C o l u s a   C o u n t y   c o n s i s t e n t l y   r e c e i v e d   t h e   l a r g e s t   a p p l i c a t i o n ,  

followed by S u t t e r  and B u t t e   C o u n t i e s ,   a n d   t h a t   t h e   m a j o r i t y   o f   a p p l i c a t i o n s  

w e r e   a s s o c i a t e d   w i t h   t h e   r i v e r  systems. 

MCPA u s u a l l y  i s  appl ied   by  a i r  a s  an   aqueous   so lu t ion   of   the   d imethylamine  

( D M )  salt which is  s u r p r i s i n g l y   p u r e  (>98%) .  A l t h o u g h   r a t h e r   s t a b l e   i n  a dark 

c o n t a i n e r ,  MCPA/DMA s p r a y   e v a p o r a t e s   q u i c k l y   t o  a s t icky   semisol id   which  decom- 

poses   w i th in  a f e w   d a y s   i n   s u n l i g h t   t o   g i v e   c h l o r o c r e s o l  (4-chloro-2-methylphenol) 

and o t h e r   i d e n t i f i e d   p r o d u c t s .  

Ana lys i s   o f   t he   ambien t   a tmosphe re   du r ing   and   a f t e r   sp ray ing   (o f   r i ce   f i e lds )  

showed MCPA dec reas ing  and t h e   p r o p o r t i o n   o f   c h l o r o c r e s o l   i n c r e a s i n g   w i t h   b o t h  

t i.me and d i s t a n c e .  However, bo th  were d e t e c t e d  a t  ng/m3 l e v e l s   i n   t h e  a i r  of 

a d j a c e n t   o r c h a r d s ,  upwind a t  t h e  time o f   sp ray ing ,  as well as i n  areas severa; 

krn d i s t a n t   f r o m  known a p p l i c a t i o n .   F o l i a g e   r e s i d u e s   o f  MCPA were d e t e c t e d   i n  

t h e  o r c h a r d s ,   w i t h  a maximum v a l u e  of 0.45 ppm (on trees a d j a c e n t   t o   t h e   s p r a y  

npp l i cn t ion ) ;   no  MCPA was d e t e c t e d   i n  similar samples   co l l ec t ed  3 months a f t e r  

t he   opp l i ca t fon .   S ign i f i can t   amoun t s  of MCPA f a i l e d  to r e a c h   t a r g e t   f i e l d s .  

NO obvious symptoms  of p h y t o t o x i c i t y  were observed  on  the  almond,  pistachio,  

o r  walnut t rees  where MCPA r e s i d u e s  were d e t e c t e d ,  and review of   per t inent  

l i t e r a t u r e   i n d i c a t e s   t h a t   i n t o x i c a t i o n   o f  humans o r   a n i m a l s  by MCPA a t   t h e  

o b s e r v e d   l e v e l s  i s  u n l i k e l y .  The   long- te rm  fa te   and   e f fec ts   o f  MCPA and 

chlorocresol   remain  unconfirmed.  
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I .  INTRODUCTION 

Project  Background 

4-Chloro-2-methylphenoxyacetic a c i d  (MCPA) long  has  been a major   herb ic ide  

in   Ca l i fo rn ia   and   t h roughou t   t he   wor ld   (Tab le  1). The 1971   Pes t i c ide  Use K c -  

por t   o f   the   Cal i forn ia   Depar tment   o f  Food a n d   A g r i c u l t u r e   i n d i c a t e s   t h a t  35'3,169 

pounds of MCPA s a l t s  and esters were a p p l i e d   d u r i n g   t h a t   y e a r ;  by c o n t r a s t ,   t l r c  

1979 Report   shows  application  of  566,603  pounds,   of  which  535,169  pounds ( 9 4 . 5 % )  

was i n   t h e  form  of   . the   dimethylamine (DM) s a l t .  

Most .of   the MCPA (79%,  or  448,089  pounds  in  1979) was app l i ed   fo r   b road lea f .  

weed c o n t r o l   i n  r ice ,  al though  another   90,651  pounds  (16%) was used on b n r l e y ,  

o a t s ,  a n d   w h e a t .   I n   f a c t ,   t h e   h e r b i c i d e  is used  because  of i t s  s e l e c . t i v i t y  in 

af fec t ing   broadleaf   weeds  a t  a p p l i c a t i o n  rates which  cause l i t t l e  o r  no i n j u r y  

t o   t h e   s m a l l - g r a i n   s p e c i e s .  However, va luable   b roadleaf   o rnamenta l  and crop 

p l a n t s   a l s o  may be damaged i f   a c c i d e n t a l l y   e x p o s e d   t o  MCPA sp ray ,   and ,conce rn  

was e x p r e s s e d   b y   g r o w e r s   t h a t   h e r b i c i d e   a p p l i c a t i o n s   t o  r ice  might damage adja-  

c e n t  almond a n d . p i s t a c h i o   o r c h a r d s .  

MCPA came i n t o   w i d e s p r e a d   u s e   i n   t h e  l a t e  1940's.  Despite i t s  e x t e n s l v c  

u s e ,  comparat ively l i t t l e  p e r t i n e n t   i n f o r m a t i o n   e x i s t s   o n  i t s  environmental 

movement, breakdown,  and  metabolism.  Previous  work i n   t h i s  Department (Soder- 

quist   and  Crosby,  1975) .  examined t h e   d i s t r i b u t i o n   a n d   f a t e   o f  MCPA i n   r i c e   f i e l d  

water, mud and   p l an t s   fo l lowing  aer ia l  spraying  of   the  dimethylamine s a l t .  

Most (77%) of t h a t   r e a c h i n g   t h e   f i e l d   r e s i d e d   i n i t i a l l y   i n   t h e   w a t e r .  As this 

chemical is a r e l a t i v e l y   s t r o n g  ac id  (pka3 .2 ) ,   no   s ign i f i can t   vo la t i l i za . t i on  

occurred a t  t h e   a l k a l i n e  pH o f   t h e   f i e l d ,   a n d   d i s s i p a t i o n  was due   t o   mic rob ia l  

; lnd photochemica l   ac t ion .  Mud i n i t i a l l y   c o n t a i n e d  9% and p l a n t s  7% of the  a p p l i e d  

MCPA, b u t   t h e  amount d e c l i n e d   s h a r p l y   o v e r  a per iod  of  a few  days  due t o  

metabolism. 
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However, on ly  45% of the   expec ted   app l i ca t ion   (980   g jha  as  MCPA) could  be 

accounted   for   on  Day 0, and i t  must  be  assumed  that  a t  least a part of t h e  

mi s s lng   ma te r i a l   en t e red   t he   a tmosphe re  a s  s p r a y  d r i f t .  Earlier Russ ian   repor t s  

(Tupeeva,   1967);   Uporova  and  Sht i ler ,   1973)   descr ibed  only  ra ther   crude  methods 

f o r   s a m p l i n g   a n d   c o l o r i m e t r i c   a n a l y s i s  of MCPA i n  a i r ,  and  no f u r t h e r   i n v e s t i -  

g a t i o n  of MCPA d r i f t   a p p e a r s   t o   h a v e   b e e n   r e p o r t e d   i n   t h e   l i t e r a t u r e .  Although 

many a n a l y t i c a l   m e t h o d s   h a v e   b e e n   p r o v i d e d   f o r   r e s i d u e   a n a l y s i s   o f  MCPA i n  

h e r b a c e o u s   p l a n t s   ( s e e   S a t t a r   a n d   P a a s i v i r t a ,   1 9 7 9 ) ,  and t h e  MCPA p l a n t  metabo- 

1 . i t e s   have   been   i den t i f i ed  (Loos, 1975) ,   t he   on ly  woody spec ies   for   which   da ta  

e x i s t  are a l d e r   a n d   b i r c h   i n   S c a n d i n a v i a  (Lund-Hoie,  1973;  Eronen - e t  _ *  a1 9 1 9 7 9 ) .  

The recent   use   o f   h igh-pressure   l iqu id   chromatography (HPLC) f o r   t h e   a n a l y s i s  

of MCPA-amine r e c e n t l y  was described  (Stevens  and  Grorud,  1979;  Grorud  and  Stevens, 

19&?0), b u t   t h e   e n v i r o n m e n t a l   f a t e   o f  MCPA was n o t   i n v e s t i g a t e d .  

In 1978 ,   t he   Ca l i fo rn ia   R ice   Resea rch  Board  and the  Cal i fornia   Department  

of Food and A g r i c u l t u r e   s e p a r a t e l y   a p p r o a c h e d   t h e   U n i v e r s i t y   o f   C a l i f o r n i a   t o  

conduct   research  which would a s c e r t a i n   t h e   s t a b i l i t y  of the MCPA-amine formula t ions  

and e s t a b l i s h  wha t   chemica l   r e s idues   t o  look for ,   deve lop   the   necessary   methods  

t o  sample, d e t e c t ,   a n d  measure them, f i e l d - t e s t   t h e   m e t h o d s   f o r   u s e  i n  environ-  

mental   monitor ing,   and  provide  information  about   the  environmental   consequences 

o f  MCPA s p r a y i n g .   T h i s   r e p o r t   d e s c r i b e s   t h e   r e s u l t s  of t ha t   j o in t ly - funded  

p r o j e c t .  

- o h j c t i v e s  and Work Plan  

The s t a t e d   o b j e c t i v e s  were a s  follows: 

(1) To i d e n t i f y   t h e   c h e m i c a l   r e s i d u e s   r e s u l t i n g   f r o m   a g r i c u l t u r a l   s p r a y   a p p l i c a -  

t i o n s   o f  MCPA; 
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( 2 )  To deve lop   ana ly t i ca l   me thods   t o   s ample ,   de t ec t ,  and  measure  the  pr incipal  

MCPA r e s i d u e s   i n  a i r  and leaf   samples ;  

( 3 )  To tes t -moni tor  MCPA r e s i d u e s  i n  the  But te   County area i n   r e l a t i o n   t o   t h e i r  

poss ib le   contaminat ion   of   non- ta rge t   c rops ;  

( 4 )  To p rov ide   i n fo rma t ion   on   t he   env i ronmen ta l   f a t e  of MCPA. 

The  work was divided  into  four   components .  The Informat ion  Component (Dr. 

L i ) ,   i n   c o l l a b o r a t i o n   w i t h  CDFA, i n i t i a l l y   p r o v i d e d  economic  and. p e s t i c i d e  use 

data f o r  But te ,   Colusa,   Glenn,   Sut ter ,   and Yuba count ies   and  la te r  f o r   P l a c e r ,  

Sacramento,  and Yolo; they  also  provided  computer  mapping of a p p l i c a t i o n s  and 

o t h e r   b i b l i o g r a p h i c  and t e c h n i c a l   d a t a ,  The  Chemistry  component  (Dr.  Crosby) 

de t e rmined   t he   chemica l   compos i t ion   o f   t he  MCPA spray   and   spra ,y   concent ra tes ,  

the  composi t ion of "weathered"  spray  res idue,   and  the  chem.ica1  species   to   be 

sampled  and  analyzed. 

The Air Analys is  Component ( D r .   S e i b e r ) ,   i n   c o l l a b o r a t i o n   w i t h  CDFA and UCD 

Agricul tural   Engineer ing,   developed  methods f o r  c o l l e c t i o n  of a i r  samples  and 

t h e i r   a n a l y s i s   f o r   t h e   c h e m i c a l   s p e c i e s   d e f i n e d  by the   Chemis t ry  Component; they 

a l s o   p r o v i d e d   t h e   n e c e s s a r y   m e t e o r o l o g i c a l   i n f o r m a t i o n .  The P lan t   Ana lys i s  

Conlponent (Mr. Winter l in)   deve loped   and   appl ied   ana ly t ica l   methods   for  t.he Icientl-  

f i e d   r e s i d u e s   i n   l e a f  and o ther   samples .  

The coordinated  methods  and  information were t e s t e d  by m o n i t o r i n g   a i r  and 

l ea f   r e s idues   du r ing   and   fo l lowing   commerc ia l   app l i ca t ions   o f  MCPA t o   r i c e  in 

the  But te   County area. The i n v e s t i g a t i o n  was expec ted   t o   p rov ide  (1) t e s t e d  

methods fo r   mon i to r ing  MCPA r e s i d u e s  i n  a i r  and p l a n t  materials, ( 2 )  i n i t i a l  

m o n i t o r i n g   r e s u l t s   f o r  1979-80 MCPA a p p l i c a t i o n s  i n  t h e   s e l e c t e d  test area, ( 3 )  

in format ion   on   the   pers i s tence   and   envi ronmenta l   fa te   o f  MCPA under   Cal i forn ia  
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use condi t ions ,   and  (4) t h e   b a s i s   f o r   s u b s e q u e n t   e s t i m a t i o n   o f   p o s s i b l e   t o x i c  

hazards  of p r e s e n t  MCPA app l i ca t ions   fo r   non- t a rge t   c rops   and  humans. Prelim- 

inary  f i n d i n g  were communica ted   by   conferences   and   quar te r ly   wr i t ten   repor t s ;  

t h i g  r e p r e s e n t s   t h e   f i n a l ,   c o m p r e h e n s i v e   r e p o r t .  
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Table 1 6 

STATE O F  CALIFORNIA 
DEPARTMENT OF FOOO A N O  AGRICULTURt: 

Q U A R T E R L Y  
P E S T I C I D E  U S €  R E P O R T  

CHtH I CAL COMMOOI TY APPSm POUNDS 

J A W E C  1979 

A C K t S  

TOTAL 

TOTAL 

14 
b 

92 b 
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, 1  

2 
1 

' I  
Ei 

95 
27 
31 

2 , 5 6 6  
1 
1 
2 

60 1 

54 
2 

36 

TUTAL 

4 
L 
IT 

l b  
170 

2 
1 

20 

661 034 
1 Z 6 . 0 1  

787.35 

5359168060 

349 -02 
417.18 
62-96 

557 -77 
19,446.12  

5 1 - 3 4  
10192 

756 19 

40-00 
71 p 2 4 f r 0 0  

TOTAL 21 9657.50 
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11. APPLICATIONS OF MCPA AMINE SALTS AND OTHER  DERIVATIVES 

The only  amine s a l t  of MCPA u s e d   i n   N o r t h e r n   C a l i f o r n i a ,   a c c o r d i n g   t o   t h e  

CF .4  P e s t i c i d e  Use Report ,  i s  the  dimethylamine s a l t ;  o t h e r   d e r i v a t i v e s  

inc lude   the   sodium s a l t ,  i s o - o c t y l  ester, and  butoxyethyl  ester (“e thylene  

u , l y c o l , b u t y l   e t h e r   e s t e r ” ) .  The  1974-79 u s e   d a t a   f o r  B u t t e ,  Colusa,  Glenn, 

Ptacer ,  Sacramento,   Sut ter ,   Yolo,   and Yuba c o u n t i e s  were graphed by month of 

i~pp l i ca t ion   (Append ix  I ) ,  t h e   a n n u a l  t o t a l s  bargraphed  (Appendix I ) ,  and t h e  

m o n t h l y   a n d   a n n u a l   t o t a l s   t a b u l a t e d   i n   d e t a i l   ( A p p e n d i x   1 1 ) .  

Co lusa   Coun ty   cons i s t en t ly   has   been   t he   l a rges t   u se r ,   f o l lowed   by   Bu t t e  

(and i n  197 

some u s e .  

of  d ime t h y l  

r o n s f s t c n t  

9 Sut te r )   County   (Table  2 ) ,  a l t hough  a l l  e i g h t   c o u n t i e s   r e g i s t e r e d  

I n  r e c e n t   y e a r s ,   m o s t   o f   t h e  MCPA has   been   appl ied  as  an  aqueous  spray 

amine s a l t  (Table  2 ) .  That   the   major   use  comes i n  June  and  July i s  

wi th  i t s  p r i n c i p a l   a p p l i c a t i o n  a s  a r ice h e r b i c i d e ,   a l t h o u g h   a p p l i c a -  

t i o n  t o  small gra ins   dur ing   Winter   months  i s  r e f l e c t e d   i n   t h e   l o w e r   f i g u r e s   f o r  

Fchruary  and  March i n  most of t h e   c o u n t i e s .  

‘I’here was a s u b t a n t i a l   i n c r e a s e   i n   t h e  use of o t h e r   d e r i v a t i v e s   i n  1 9 7 9 .  

Wllite t h e r e  was inc reased   bu t  s t i l l  small u s e  of  bu toxyethyl  ester on b a r l e y ,  

I I I ; I J U ~  increases o c c u r r e d   i n   t h e   u s e  of iso-actyl .  ester on bar ley  (190% com- 

pared t o  1978)  and  wheat (1100% compared t o  1978)  and  with  the  sodium s a l t  on 

r i c e  (400X compared t o   1 9 7 8 ) .   I n c r e a s e s   a l s o  were obse rved   fo r  DMA s a l t  on 

pas ture / rangeland ,   peas ,   and  r ice ,  w h i l e   t h e   u s e  on wheat   decl ined  over  5UX 

; ~ c r o r d i n g   t o   t h e  CDFA P e s t i c i d e  Use Repor ts .  

‘The*  l o c a t i o n  of t o t a l  1979 MCPA a p p l i c a t i o n s  w a s  mapped for   each  county 

(Appendix  111). I t  i s  n o t   s u r p r i s i n g   t h a t   a p p l i c a t i o n s   i n  B u t t e ,  Colusa,  Glenn, 

Placer   and Yuba c o u n t i e s  were l a r g e l y   r e s t r i c t e d   t o  a small s e c t i o n   l o c a t e d   i n  

t h e   i m m e d i a t e   v i c i n i t y  of waterways.   Sacramento  county  use was more s c a t t e r e d ,  
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whi1.e S u t t e r  and Yo10 uses   r anged   t h roughou t   t he   coun ty .   Th i s   h igh   concen t r a -  

t i o n  of  MCPA use--pr imari ly   on  f iooded r ice  a l o n g   t h e   m a j o r   r i v e r  systems--is 

i l l u s t r a t e d   i n   F i g .  1. 

The o t h e r  phenoxy he rb ic ide   mos t   u sed   i n  the e igh t - coun ty   a r ea  was 2 , $ - 3  

(2,4-dichlorophenoxyacetic ac id) .   Al though 2,4-D and MCPA can   be   d i s t inguished  

by gas   chromatography,   the   chemica l   p roper t ies   and   phyto toxic  symptoms i3re 

c l o s e l y  similar. Again,  amine sal ts  ( e s p e c i a l l y   t h e  DMA s a l t )  represented t:hr 

pr inc ipa l   fo rm,   a l though  2,4-D esters were more  important  than  those of MCPA.  

Major  uses  of 2,4-D/DMA were on   ba r l ey ,   whea t ,   and   pas tu re ,   wh i l e  esters  werc. 

used  on  barley,  wheat,  and  timber  land.  Almost  no 2,4-D was ueed on r l c c t .  

Despite t h i s ,   l a r g e  amounts of 2,4-D d e r i v a t i v e s  were app l i ed   ove r   t he  years 

i n   t h e   e i g h t   c o u n t i e s   ( T a b l e  3 ) ,  although  recent  volume  has  declined  somewhat.  

The p r i n c i p a l   u s e   o n  small g r a i n s  is r e f l e c t e d   i n   t h e   m a j o r   a p p l i c a t i o n s   i n  

February,  March,  and A p r i l  (Appendix I V ) ,  w i t h   F a l l   a p p l i c a t i o n   i n  B u t t e  and 

P l a c e r   c o u n t i e s   l a r g e l y   o n   c o n i f e r s .  On t h e   o t h e r   h a n d ,   s i g n i f i c a n t  u s e  

occur red   dur ing  Summer months i n  a l l  count ies   bu t   Glenn .  The mon th ly   d i s t r ibu -  

t i o n  of u s e s  are d e t a i l e d  i n  Appendix V .  

Consider ing  the  above statistics, it  is most l i k e l y   t h a t  MCPA r e s i d u e s  in 

t h e  c!rlvironment  would be  most   concentrated i n  r a the r   na r row  bands   a s soc ia t ed  

wi th   Sacramento   Val ley   r iver   sys tems  and   dur ing   the   per iod  of June  through 

Augus t .   Th i s   pe r iod ,   a l ' so   r ep resen t s   t ha t   o f   h ighes t   ave rage  temperature and 

most i n t e n s e   s u n l i g h t   i n   t h e  area and   might   be   expec ted   to   p rovide  maximum d i s -  

s i p a t i o n  and  degradat ion of a p p l i e d   p e s t i c i d e s .  

. .  
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TOTAL POUNDS OF MCPA (AMINES)  APPLIED IN 
EIGHT COUNTIES OF CALIFORNIA 

1974 - 1979 

B u t t e  
Col usa 
G1 enn 
P1 acer 

Sacramento 
S u t t e r  
Yolo 

Y uba 

46,517 
46,498 
47,480 

2,613 
4,113 

27,840 
7,765 

6,772 

61,444 
80,401 
62,381 

7,278 
20,301 
62 , 970 
24,148 
11,259 

66,947 56,124 
115,660 148,941 
36,171 107,242 

5 , 632 4,992 
6,903 7,854 

45,970 27,220 
16,880 13,114 
e, 035 9,745 

78,873 
11 1,627 
66,376 

11,221 
23,121 
65,159 
16,993 

14,147 

85,197 

144,863 
57,431 

10,002 

21,569 

88,?30 
32,043 
17,773 

COUNTY 

B u t t e  
Col usa 
G1 enn 
P lace r  
Sacramento 
S u t t e r  
Yolo 
Y uha 

TOTAL POUNDS OF MCPA (OTHERS)  APPLIED IN 
EIGHT  COUNTIES OF CALIFORNIA 

1974 - 1973 

1974.  1975  1976  1977 

11,451 2,132 81 3 48 

36,790 3,227 1,729 726 
8.809 3,130 2,477 64 7 

1,175 1,452 356 23 

3,471 9 59 241 276 

17,891 5,426 3,176 2,050 
9,919 4,191 9,137 1,083 
1,869 0 0 0 

1978 

67 
468 
604 

37 
2 70 

2,394 
2,734 

0 

1979 

226 
1,263 
4,176 

44 
1,388 

7,561 

6,660 
0 

Source: Cal i forn ia   Depar tment  of Food & A g r i c u l t u r e ,   P e s t i c i d e  Use Report 
tapes. 



Table 3 

TOTAL POUNDS OF 2,4-D (ALL FORMS) APPLIED IN 
EIGHT COUNTIES OF CALIFORNIA 

19d4 - 1979 

- COUNTY 

Butte 
Col usa 
61 enn 
P1 acer 
Sacramento 
Su t t e r  

Y O 1 0  

Y uba 

1974 

.21,62O 
74 , 327 
89,591 
8,128 
32,311 
35,069 
70,168 
5,679 

1975 

32,228 
84,711 
59 , 529 
6,540 
50,772 
42,296 
95,266 
8,605 

1976 

28,936 
48 , 966 
25,201 
8,336 
47,378 
48,123 
49,656 
6,002 

1977 

44,718 
56,164 
36 , 774 
6,214 
48,919 
30 , 941 
52,018 

s ,854 

, .  

1978 

20 , 354 
56,Ol 1 
38,929 
4,677 
28,296 
18,595 
52,173 
5,151 

1 0  

I 

1979 

14,078 
74,948 
31,566 

3,944 
35,656 
25,430 
52,268 
4,839 

. -. . - - _- 

-~ 

Source: Californfa Department o f  Food & Agriculture,  Pesticide Use Report 
tapes. 
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MCPA 1979 

'I'EHAMA 
31 l b s  

COLUSA 
146,126 

Y OLO 
38,702 

Fig .  1. MCPA a p p l i c a t i o n s   i n  8 counties ,   1979.  

Heavy shading  indicates major use  areas 

(See Appendix 111). 
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111. THE COMPOSITION AND CHEMICAL REACTIONS OF MCPA  SPRAY 

Since  1951, MCPA (4-chloro-2-methylphenoxyacetic ac id)   has   been   appl ied  

f o r  weed c o n t r o l   i n   C a l i f o r n i a  r ice  f i e l d s .   I n   1 9 7 9 ,  80% o f   t h e   s t a t e ' s  

ha l f -mi l l i on  acres of r ice  were sp rayed   w i th   t he   he rb ic ide ,   p r imar i ly  as 

the  dimethylamine (DMA) sa l t .  Earl ier  work (Soderquist   and  Crosby, 1975)  

demonst ra ted   tha t  a s i g n i f i c a n t   p r o p o r t i o n   o f   t h e   a e r i a l l y - a p p l i e d   s p r a y   d i d  

not   reach  i t s  i n t e n d e d   t a r g e t ,   a n d   c o n c e r n   o v e r   t h e   e n v i r o n m e n t a l   f a t e  of 

p o s s i b l e   s p r a y   d r i f t  prompted t h e   p r e s e n t   p r o j e c t .  

The o b j e c t i v e s   o f   o u r  work were (1) t o   d e t e r m i n e   t h e   o r i g i n a l   c o m p o s i t i o n  

a n d   p h y s i c a l   c h a r a c t e r i s t i c s   o f  MCPA/DMA concentrate   and  spray  and ( 2 )  t o  

i nves t iga t e   changes   i n   t he   sp ray   compos i t ion   due   t o   evapora t ion ,   pho todegrada -  

t i o n ,  and   o the r   env i ronmen ta l   f ac to r s .  

MATERIALS AND METHODS 

"MCP *Amine" c o n c e n t r a t e   ( D O ~   C h e m i c a l  Co.) was t h a t   u s e d   t o  mix spray in 

t h e  f i e l d .  The l a b e l  s ta tes  t h a t  i t  c o n t a i n s  4 l b s / g a l .  MCPA a c i d   e q u i v a l e n t  

a s  the   d imethylamine  salt  (52.1%, o r  589   g /L ,   o f   t he   s a l t ) .   Sp ray  was p r e -  

pared by d i l u t i o n   o f   t h i s   a q u e o u s   c o n c e n t r a t e   w i t h   a b o u t  40 volumes of water 

( f i n a l   c o n c e n t r a t i o n  14.7 g/L, 0.06 - M). 

Reagents   and   so lvents  were the   pu res t   g rade   ava i l ab le   commerc ia l ly .  

P u r e  MCPA was prepared by a c i d i f i c a t i o n   o f   t h e  DMA formulat ion  and  repeated 

r e c r y s t a l . l i z a t i o n   o f   t h e   p r e c i p i t a t e d   a c i d   f r o m   b e n z e n e ,  mp 119-120". O t h e r  

ph rnoxyace t i c   ac id   s t anda rds  were purchased   or  were prepared  from  the 

cor responding   pure   phenols  by reac t ion   wi th   e thyl   b romoaceta te   and   subsequent  

hydrolysis  (Synerholm  and Zimmerman, 1945) .   Ethereal   d iazomethane was 

prepared by the   s t anda rd   p rocedure   (de  Boer  and  Backer,  1963). 
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Dimethylamine (DM) salts were prepared  by  bubbling  excess  gaseous 

d imethylamine   in to  a benzene   so lu t ion  of t h e   a c i d  a t  room temperature  and 

subsequent   evaporat ion  of   solvent .   The MCPA sa l t  (I) was d i f f i c u l t   t o  

c r y s t a l l i z e ,  mp 60-61',  and CHN a n a l y s i s   i n d i c a t e d  i t  was impure. ?repara?!-. ,:  

from a c i d  and  amine i n   e t h e r   p r o v i d e d   p u r e r  material, mp 94-95". The salts 

were s o l u b l e   i n   c h l o r o f o r m ,   d i c h l o r o m e t h a n e ,   a c e t o n i t r i l e ,   o r  alcohols  but 

i n s o l u b l e   i n   e t h e r ,   b e n z e n e ,   o r   a c e t o n e .  

4-Methoxy-2-methylphenoxyacetic a c i d  ( V ,  R=H) was prepared by d i a z o t i z a t i o n  

of 4-methoxy-2-methylanil4ne (Aldrich  Chemical  Co.)  and  hydrolysis of t ' t w  

r e su l t i ng   d i azon ium sa l t  w i t h   h o t   d i l u t e   a c i d  (Adams e t  a l . ,  1972) t o  

4-methoxy-2-methylphenol. The phenol was conve r t ed   w i thou t   fu r the r  p u r i f  i ca -  

t i o n   i n t o   t h e   d e s i r e d   p r o d u c t   b y   r e a c t i o n   w i t h   e t h y l   b r o m o a c e t a t e  and subsequent 

hydrolysis  (Synerholm  and Zimmerman, 1945) .   Rec rys t a l l i za t ion   f rom bcnzcmc? 

g a v e   w h i t e   c r y s t a l s ,  mp 118.9-119.4'. 

Mass spectrum: - m/e 196 (M'), methyl  ester m / e  210 (M + ) .  NMR spectrurn: 

62.28 (PhCH3), 3.76 (OCH3), 6.7-6.8 (Ph-H) ppm. 

4-Chloro-2-methylphenoxy-N,N-dimethylacetamide (VIII) was prepared b y  

h o i I . I n g  MCPA w i t h   e x c e s s   t h i o n y l   c h l o r i d e ,   e v a p o r a t i o n ,  and r e a c t i o n  o f  thc!  

r e su l t i ng   ac id   ch lo r ide   w i th   excess   d ime thy lamine   i n   benzene .  The product 

was r ec rys t a l l i zed   f rom  i so -oc tane ,  mp 43.5-44.5'. 

Mass spectrum: - m / e  227 (M+), 192 (M-C1) , 155  (M-Come2), 72  (Come2 

base ) .  Ir spectrum: 6.201.1 (amide C-0). 

4-Chloro-2-methylphenyl. formate  (11) was prepared by t r e a t i n g   t h e  

phenol   with a mix tu re  of acetic anhydr ide   and   fo rmic   ac id   (1 : l   v /v )  contain-  

.Lng a t race  of   sodium  formate a s  a ca ta lys t  (Van E s  and  Stevens,   1965).  The 
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m a t e r i a l  was r e c r y s t a l l i z e d   f r o m   c a r b o n   t e t l a c h l o r i d e   b u t   a p p a r e n t l y  was 

contaminated   wi th   the   paren t   phenol .  

Mass spectrum: m/g 170 (M’), 142 (M-CO) 107 (M-COC1, b a s e ) .  The 

formate was n o t   s t a b l e   a n d  decomposed t o  i t s  phenol a f t e r  s e v e r a l   d a y s .  

Formulat ion  Analysis .   Formulat ion  samples  were made s t r o n g l y   a c i d i c ,  

e x t r a c t e d   w i t h   c h l o r o f o r m   o r   d i c h l o r o m e t h a n e ,   a n d   t h e   e x t r a c t i v e s   r e m a i n i n g  

a f t e r   e v a p o r a t i o n   o f   t h e   e t h e r  were methyla ted   wi th   e therea l   d iazomethane .  

Neutral c o n s t i t u e n t s  were i s o l a t e d  by   con t inuous   ex t r ac t ion   o f   t he   h igh ly  

basic  formulat ion  with  benzene.  The p roduc t s  were analyzed by gas  chromn- 

tography ((;LC) on a Varian Model 1740  i n s t r u m e n t   f i t t e d   w i t h  a flame i o n i z a t  t o n  

d e t e c t o r  and e i t h e r  a 150 x 0.21 cm column  of 5% OV-17 on  Chromosorb G or 

n 300 x 0 .21 cm column  of 10% DC-200 on Gas Chrom Q.  N i t r o g e n   c a r r i e r   g a s  

was used a t  30 mL/min w i t h   t h e   s h o r t e r  column  and  20 mL/min wi th   t he   l onge r  

one.  GLC wi th  mass s p e c t r o m e t r i c   d e t e c t i o n  (GCMS) was conducted  with a 

Finnigan Model 3000 Peak   Iden t i f i e r   equ ipped   w i th  a 120 x 0 . 3  cm g l a s s  

column c o n t a i n i n g  2 %  OV-1 on 60/80 mesh  chromasrob G .  

A l t e r n a t i v e l y ,   f o r m u l a t i o n s   a n d   d e g r a d a t i o n   p r o d u c t s  were analyzed by 

high-pressure  l iquid  chromatography (HPLC) on a Waters Assoc ia t e s  Model  440 

Irrstrtlment f i t t e d  w i t h  a 254  nm u l t r a v i o l e t  (UV) d e t e c t o r  and a P a r t i s i l  ODS 

1 0  Keverse  Phase CI8 column.  The  preferred  solvent s y s t e m  was 50% aqueous 

methanol o r  15% a q u e o u s   a c e t o n i t r i l e   c o n t a i n i n g   p h o s p h a t e   b u f f e r  (pH 2.83)  

w h i c h   p e r m i t t e d   d i r e c t   i n j e c t i o n   o f   t h e   f o r m u l a t i o n .  

Photodegradat ion.  ‘Thin f i l m s   o r  small d r o p l e t s   o f  MCPA/DMA spray were 

placed  on  the  bottom  of 20 x 2 0  cm b o r o s i l i c a t e   g l a s s   d i s h e s  and  exposed t o  

summer s u n l i g h t   i n   D a v i s ,   C a l i f o r n i a ,   o r   h e l d   i n   t h e   d a r k  as c o n t r o l s .  



A l t e r n a t i v e l y ,   a q u e o u s   s p r a y  was i r r a d i a t e d   w i t h   a n  F40BL f l u o r e s c e n t  W 

lamp i n  a laboratory  photoreactor  (Crosby  and  Tang, 1969) o r  a s  t h i n  films 

under F40BL l a m p s .   I r r a d i a t e d   f i l m s  were d i s so lved   i n   me thano l ,   o r   t he  

i r r a d i a t e d   s o l u t i o n s  were e x t r a c t e d   w i t h   e t h e r ,   a n d   t h e   o r g a n i c   e x t r a c t s  

were  analyzed  by GLC. 

Trapping of  v o l a t i l e   p , h o t o l y s i s   p r o d u c t s  was accomplished by i r r a d i a t i n g  

a t h i n  f i l m  of s p r a y  on t h e  walls of a b o r o s i l i c a t e   g l a s s   f l a s k   t h r o u g h  

which a slow tream of p u r i f i e d  a i r  was f lowing .   Vo la t i l e   p roduc t s  were 

removed f r o m   t h e   e x i t  a i r  by   pass ing  i t  through 0.1 fi aqueous  sodium h y d r o x l d c  

s o l u t i o n   p r o t e c t e d   f r o m   l i g h t ;  a t  predetermined times, t h e   a l k a l i n e  s o l u t i o n  

was removed, a c i d i f i e d ,   e x t r a c t e d   w i t h   m e t h y l e n e   c h l o r i d e ,  and t h e   e x t r e c t i v e s  

analyzed by GLC. Vo la t i l i za t ion   o f   d ime thy lamine  was measured  by  bubbling 

p u r i f i e d  a i r  th rough   sp ray   so lu t ions ,   t r app ing   any   evo lved   amine   i n   d i lu t e  

a c i d ,  and   we igh ing   t he   so l id   t r ap   r e s idues   r ema in ing   a f t e r   evapora t ion .  

F i e ld   App l i ca t ions .  MCPA/DMA c o n c e n t r a t e  was d i l u t e d   w i t h   a b o u t  40 

volumes  of water and   appl ied  as sp ray   f rom  f ixed -wing   a i r c ra f t   t o  two 

commercial r i ce  f i e l d s   i n   B u t t e  Co., C a l i f o r n i a .  A i r  t empera ture  was ,approx- 

imately 2 5 ° C  and  wind  speed 1-8 mph (0.5-3.7 m/sec) a t  t h e  time of: appl . icaf ion .  

F i e ld  A was c a l c u l a t e d   t o   r e c e i v e  1 2  o z / a c r e  (840 g/ha)  of MCPA ac id  

equ iva len t ,   and   F i e ld  B 14 o z / a c r e  (980 g /ha ) ,   f rom  an   a l t i t ude   o f   app rox i -  

m a t e l y  3 m .  

Glass d t s h e s  were set o u t ,  15 m apar t ,  i n   e a c h   f i e l d   f o r  300 m a c r o s s  

the   pa th   o f   app l i ca t ion .   Dur ing  a p e r i o d   o f   h o u r s   a f t e r   s p r a y i n g ,   t h e   d i s h e s  

were c o l l e c t e d ,   r i n s e d ,  and t h e  amount of MCPA determined by GLC ana lys i s .  
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RESULTS AND DISCUSSION 

MCPA Formulation. MCPA/DMA fo rmula t ions  appear as brown homogeneous 

s o l u t i o n s ,   a l m o s t   o d o r l e s s ,   w i t h  a pH of 8.0-8.1. Drop le t s  (10 pL) of 4 0 : l  

aqueous sp ray  on a g l a s s   s u r f a c e   e v a p o r a t e d   t o   s t i c k y ,   v i s c o u s  spots r a the r  

t h a n   t o   c r y s t a l l i n e   d e p o s i t s ,  and  a l though a t h i n   l a y e r   ( “ 0 . 0 2 5  mm) of 

s p r a y   a l s o   e v a p o r a t e d   r a p i d l y   d u r i n g   t h e   f i r s t   h o u r   ( F i g .  2 ) ,  t h e  loss of 

water  was never   comple te ,   Unl ike   the  DMA s a l t  of 2,4-D, t h e  MCPA s a l t  was 

s o l u b l e   i n   n o n p o l a r   s o l v e n t s   s u c h  as b e n z e n e   o r   e t h e r ,   c r y s t a l l i z e d   o n l y  

w i t h  d i f f i c u l t y ,  and  even  then  represented  an  impure  substance of v a r i a b l e  

composi t ion.  

A t  l eas t  18 i m p u r i t i e s   h a v e   b e e n   r e p o r t e d   t o   o c c u r   i n   t e c h n i c a l  MCPA 

(S,joberg,   1950; Freeman and  Gardner,  1953;  Haddock e t  a l . ,  1959;  Gardncr 

and Overton, 1960; Stevens  and  Grorud  1979)   due  pr incipal ly   to   the  impure 

_ _  o-cresol.   and  4-chloro-o-cresol - u s e d   i n  ear l ier  periods  of  manufacture.  As 

vonflrmed by  G L X ,  HPLC, and GCMS, t h e  MCPA/DMA a p p l i e d   t o   C a l i f o r n i a   r i c e  i n  

1979 was of much h ighe r   pu r i ty   (Tab le   4 ,   F ig .   3A) ,   pe rhaps   i nd ica t ing  a 

.cl lange  in  manufacturing  process.   2-Methylphenoxyacetic  acid was t h e   p r i n c i p a l  

Impur i ty   (1 .0%) ,   toge ther   wi th  smaller amounts of 6-chloro-  and  4,6- 

dlchloro-2-methylphenoxyacetic a c i d  and traces o f   o the r   subs t ances .  

N e u t r a l   e x t r a c t i v e s  were a l m o s t   e n t i r e l y   a b s e n t  a t  l eve l s   above  a few 

ppm of t h e  MCPA. The  amide I X  was p r e s e n t  a t  about  300 ppm, appa ren t ly  

firmed by s l o w   r e a c t i o n  of a c i d  and   amine   even   in   d i lu te   aqueous   so lu t ion  

(Yorawetz  and  Otaki ,   1963) .   Huston  (1972)   reported  three  bis(dich1orophenoxy)  

methanes t o  be   t he   p r inc ipa l   neu t r a l   con taminan t s   o f   p roduc t ion -g rade  

2.4-D (2,4-dichlorophenoxyacetic ac id) ;   i f   the   cor responding   4-ch loro-2-methyl -  

p h e n o l   d e r i v a t i v e s  were p r e s e n t   i n  MCPA, they  were below t h e   p r e s e n t   l e v e l s  of 

d e t e c t i o n ,  and o t h e r   n e u t r a l s   s u c h  as ch lorodioxins   a l so   remained   undetec ted .  
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Photochemical  Degradation.  .Previous  work  (Soderquist   and  Crosby,  1975) 

i n d i c a t e d . t h a t  MCPA was photochemically  degraded  with a h a l f - l i f e  of about 

18 d a y s   i n  a 1.0 mg/L (5 x E) aqueous   so lu t ion  a t  pH 8.3.  However, when 

d r o p l e t s  of  MCPA/DMA spray  (14.7  g/L,  0.06 E)  on a g l a s s  surface were expr.s'.e? : 

s u n l i g h t ,  60% o f   t h e  MCPA had d isappeared   wi th in   one  work-day (about 8 h r s  

i r r a d i a t i o n ) ,   a n d  less t h a n  20% remained a f t e r  3 d a y s ;   d a r k   c o n t r o l s   a t  a b o r ~ t '  

t h e  same temperature  remained  almost  unchanged  (Fig.   4).  

A n a l y s i s . o f   t h e   r e s i d u e s  by GLC o r  GCMS revea led   severa l   changes  ( F i g .  3B):' 

a l a r g e   i n c r e a s e   i n   t h e   p r o p o r t i o n   o f   4 - c h l o r o - ~ - c r e s o l   ( I V ) ,  a d e c l i n e   i n  

t h e   l e v e l   o f   2 - m e t h y l p h e n o x y a c e t i c   a c i d   ( I f ) ,   a n d ' t h e   p r e s e n c e   o f   p c h l o r d p h e n -  

oxyacet ic   acid  (VII)   and two  unknowns, A (m/e - 227)  and B (m/e 152), not  observed 

i n   t h e   d a r k   c o n t r o l   ( F i g .  3A).  The  amount  of unknown B was very  smal.1; the mass 

spectrum showed i t  t o   c o n t a i n   o n e  C 1 ,  and   the   on ly   reasonable   formula  appt!ared 

t o   b e  C8H50C1 (Beynon  and Williams, 1963)   cor responding   to  a monochl9robellzofuron 

poss ib ly   de r ived   by   s e l f - condensa t ion   o f  4-chloro-2-formylphenoxyacetic acid  and 

d i c a r b o x y l a t i o n   o f   t h e   r e s u l t i n g   c o u m a r i l i c   a c i d .  

W i t h i n   s e v e r a l   m i n u t e s   a f t e r   t h e   o n s e t   o f   i r r a d i a t i o n ,   t h e   o d o r  of 

4-chloro-o-cresol - ( IV)  became  not icable .   Analysis  of a c i d i c   v o l a t i l e s   t r a p p e d  

dur ing   photo lys i s   exper iments  showed I V  t o   b e   t h e   p r i n c i p a l   c o n s t i t u e n t ,  

a long   w i th  smaller amounts  of  2-cresol  and  2-chlorophenol  presumably  derived 

from I1 and VII, respect ively  (Crosby  and Wong, 1973).   Also  trapped was a 

subs tance ,  m/e 170,   whose   p roper t ies  were i d e n t i c a l   t o   t h o s e  of   synthesized 

4-chloro-2-methylphenyl  formate (111), the   expec ted   i n t e rmed ia t e   i n  

phenoxyace t ic   ac id   photo lys i s   (Crosby   and  Wong, 1973) .   Sun l igh t   i r r ad ia t ion  

of aqueous 'IV i n  a f l a s k  sealed t o  prevent v o l a t i l i z a t i o n   r e s u l t e d  i n  a 
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pho to lys i s  ra te  a l m o s t   e q u a l   t o   t h a t   o f  MCPA/DMA and  an   ou tdoor   ha l f - l i fe  of 

2.5 days   (F ig ,  5 ) .  HPLC a n a l y s i s  showed the   p re sence   o f  many p h o t o l y s i s  

products,   including  2-methyl-~-benzoquinone (VI and a l a r g e ,   h i g h l y   p o l a r  

p o l y c a r b o x y l i c   a c i d   f r a c t i o n  a t  s h o r t   r e t e n t i o n  times. The gene ra t ion  of 

tllese a c i d s  i s  r e f l e c t e d   i n   t h e   s t e a d y   l o w e r i n g   o f  pH which p a r a l l e l s   t h e  

photolysis of  bo th  MCPA and I V  (F ig .  4 ) .  

Our prev ious  work  (Crosby  and Wong, 1973) a l so   l ed   u s   t o   expec t   pho to -  

n u c l e o p h i l i c   d i s p l a c e m e n t   o f   t h e  MCPA r i n g   c h l o r i n e  by hydroxyl  and GLC 

d e t e c t i o n  of t h e  4-hydroxy-2-methylphenoxyacetic a c i d  (VI,R=H) as i t s  

m e t h y l a t e d   d e r i v a t i v e .  A s t a n d a r d   o f   t h e   a c i d  was syn thes i zed ,   bu t   r epea ted  

a t t e m p t s   t o   d e t e c t  i t  i n   p h o t o l y s i s   m i x t u r e s  were unsuccessfu l .  However, 

t h e   d e t e c t i o n  of the  E-benzoquinone  from  photolysis of I V  s t r o n g l y   s u g g e s t s  

t h a t  l o s s  o f   t h e  ace t ic  a c i d   s i d e c h a i n   o c c u r s  much more r a p i d l y   t h a n  

c:hlor ide  replacement .  

The -- m/e 227  of unknown A cor re sponded   t o  a formula of C H C 1 N O 2 ,  

and t h e  compound proved   ident ica l   chromatographica l ly   and   spec t rorne t r ica l ly  

t o  a syn thes i zed   s t anda rd  of  4-chloro-2-methylphenoxy-N,N-dimethylacetamide 

( I X ) .  Upon r e e x a m i n a t i o n ,   t h e   o r i g i n a l  MCPAIDMA c o n c e n t r a t e  was found to  

con ta in  300 mg/L of I X ,  and a commercial   formulat ion  of  2,4-D/DMA l i kewise  

conta ined  i t s  corresponding  amide  (Table  5 ) .  However, sunl ight   exposure  of '  

chither t h e   f o r m u l a t i o n s  o r  pure  amides on d i s h e s   r e s u l t e d   i n   i n c r e a s e d   a m i d e  

formation  (Table  5 ) ;  a l though   t he   fo rma t ion  of  amides  from  amine sa l t s  i n  

:~r luer~us  solut ion  has   been  descr ibed  and  explained  (Morawitz  and Otaki ,  1963) ,  

and t h e   t h e r m a l   r e a c t i o n  i s  well known (Que Hee and  Sutherland, 1 9 7 4 ) ,  t he  

photochemica l   convers ion   has   no t   been   descr ibed   prev ious ly .  Exposed t o  

11 14 
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s u n l i g h t ,  I X  i t s e l f  decomposed w i t h  a h a l f - l i f e  of 3 .5   days  (Fig.   6) ,   but  

the  observed  photoproducts  were n o t   i d e n t i f i e d ;   d a r k   c o n t r o l   l e v e l s  also 

diminished   by   about   15%,   perhaps   due   to   s low  vola t i l i za t ion .  

The observed  photodegradat ion  products  are  r a t i o n a l i z e d   a s  shown in 

Fig.  7 .  The i n t e r m e d i a t e s   i n  MCPA demethy la t ion   t o  V I 1  and   t he   ox ida t ion  C I ~  

t h e   a r o m a t i c .   r i n g   t o   a l i p h a t i c   a c i d s   r e m a i n  unknown. 

V o l a t i l i z a t i o n .  When a i r  was passed   ove r   t he   i r r ad ia t ed   fo rmula t ion ,  

t h e  c h l o r o c r e s o l  I V  was q u a n t i t a t i v e l y  removed  by v o l a t i l i z a t i o n   a s  i t  

formed.   L ikewise ,   the   o ther   phenols   and   the   formate  ester (111)   vo la t i l i ze t l  

r e a d i l y .  MCPA/DMA has   been   r epor t ed   t o   have   an   ex t r eme ly   l ow  vo la t i l i t y  from 

i t s  formulat idn  (Grover ,   1976);  i n  f a c t ,  i t  is l i k e l y   t h a t   t h e  sa l t  is 

e s s e n t i a l l y   n o n v o l a t i l e   a n d   t h a t   t h e   d e t e c t e d  MCPA resu l t ed   f rom i t s  h y d r o l y s l s .  

W h i l e   t h e   t r a p   c o n t e n t s   i n   o u r   e x p e r i m e n t s   y i e l d e d  a v a r i e t y  of v o l a t i l e  

pho toproduc t s ,   ne i the r  MCPA nor   t he   amide  I X  were a p p a r e n t ,  

Fate   of   Airborne MCPA/DMA. A n a l y s i s   o f   t h e   d i s h e s   c o l l e c t e d   a f t e r  MCPA/DMA 

s p r a y   a p p l i c a t i o n   i n d i c a t e d   t h a t   i n   F i e l d  A, presumed t o   b e   t r e a t e d   w i t h  12 

o z / a c r e  (0 .84 kg/ha) as MCPA, only  0.36  kg/ha (43%)  could  be  accounted f o r ;  I n  

F i e l d  B ,  receivi t ig  14 o z / a c r e  (0 .98 kg /ha ) ,   on ly  0.24 kg/ha  (24%).was  found. 

Although  such  sampling i s  open t o  a number of errors--for  example,   photodegra- 

d a t i o n   i n   d i s h e s   a w a i t i n g   c o l l e c t i o n   a n d   t h e   l a c k  of a c c u r a t e   s p r a y e r  c.al.ibra- 

t i o n - - t h e   r e s u l t s   s u g g e s t   t h a t  a s i g n i f i c a n t   p r o p o r t i o n   o f   s m a l l   d r o p l e t s  may 

indeed  remain  for  some time i n   t h e   a t m o s p h e r e .  

Al though  no   labora tory   degrada t ion   s tud ies  were made on a c t u a l   s p r a y  

d r o p l e t s ,   t h e   r e s u l t s  of the   exper iments   wi th   bu lk   spray   and   spray   res idues  

a l low a t  least  a q u a l i t a t i v e   p i c t u r e   o f   a t m o s p h e r i c   f a t e  t o  develop.  Airborne 
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d r o p l e t s   e v a p o r a t e   q u i t e   r a p i d l y   t o   g i v e   s t i c k y ,   h i g h l y   c o n c e n t r a t e d   p a r t i c l e s  

which  would con t inue  t o  undergo   photochemica l   degrada t ion   wi th   cont inua l  l o s s  

o f   v o l a t i l e   p r o d u c t s   s u c h  as 111, I V ,  VIII, and - o-cresol .   Other   volat i1 .e  

photoproducts ,   such as the   d imethylamide  I X  and  p-benzoquinone ( V ) ,  a l s o  

might  be  released  but a t  much slower ra tes  due   t o   t he i r   s lower   fo rma t ion .  

Within n w e e k ,   s h o u l d   t h e   p a r t i c l e s   d r i f t   t h a t   l o n g ,   t h e   a t m o s p h e r i c   d e g r a d a -  

t l o n  would be   l a rge ly   comple te ,   and   the   t e rmina l   res idue   f rom MCPA/DMA a p p l i -  

c ; ~ t i o n   s h o u l d   c o n s i s t   p r i m a r i l y  of n o n v o l a t i l e   o r g a n i c   a c i d s  and t h e i r  

d Lmethylamine s a l t s .  

To tes t  th i s   concept ion ,   h igh-volume a i r '  s ampl ing   du r ing   and   a f t e r  f i e l d  

a p p l i c a t i o n  of  MCPA/DMA (Woodrow e t  a l . ,  1980; This   Repor t ,   Sec t ion  I V )  

dcmonRtrated  the  presence  of  MCPA and  increas ing   propor t ion  of 4-chloro-o-cresol - 

in t h e  a tmosphe re ;   a l t hough   t he re   a l so  was evidence  of  E-chlorophenol,  no 

dimethylamide was d e t e c t e d   ( n e x t   s e c t i o n ) .  
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Table  4 .  Analysis of MCP-Amine  Formulation 

______ 

Constituent Amount (X) Met hod 

Phenoxyacetates 

4-Chloro-2-methyl- 

2-methyl- 

6-Chloro-2-methyl- 

>95 

1 

0 . 5  

4,6-Dichloro-2-methyl- 0.5 

Other Dichloro-2-methyl- trace 

Phenols 

4-Chloro-2-methyl >O. 5 

4,6-Dichloro-2-methyl- trace 

Neutrals 

4-Chloro-2-methylphenoxy- 0.03 

- N,N-dimethylacetamide -- 

GLC,  HPLC, GCPIS 

HPLC, GCMS 

GCMS 

GCMS 

GCMS 

GLC 

GCMS 

GLC 
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Table 5. Photochemical  Generation of Dimethylamides 

N,N-Dimethylamide (ppm) 

Dark Source 
_--.- 

MCPA  Formulation 391 1375 

Pure MCPA/DMA 

2,4-D Formulation 

Pure 2 ,I-D/DMA 

Pure 2 ,4,5-T/DMA 

0 350 

317 14,000 

0 300 

0 250 
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?ig. 2 .  Evaporation rate of MCPA spray on a g las s   sur face .  
Dashed l ine  corresponds  to   complete  loss of water. 
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Fig .  4. Photodegradation of MCPA/DMA in sunlight, 
initial  concentration  15 rng/L. A=dark control 
B=pH control, C=MCPA,  D=pH, E=chlorocresol. 
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Fig. 5. Photodegradation of chlorocresol. in sunlight, 
initial  concentration 200 mg/L. A=chLorocresol 
B=MCPA. 
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D A Y S  

FLg. 6. Formation  and  photodegradA:L.;r. ;,f MCPA dimethyl-  
amide, in s u n l i g h t ,   i n i t i a l   c o n c e n t r a t i o n  1 5  m g / L .  
X-MCP.4, B-amide ( r i g h t - h a n d   s c a l e )  . 

IX Vlll 

Fig. 7. Photolysis products of MCPAIDMA. 
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I V .  AIRBORNE RESIDUES OF MCPA 

AND 4-CHLORO-O-CRESOL - SURROUNDING TREATMENTS OF 

MCPA TO RICE--BUTTE COUNTY, 1979 

I n t r o d u c t i o n  

T h e  d r i f t  of p e s t i c i d e   s p r a y   t q   n o n - t a r g e t  areas is of concern  because of 

t h e   p o s s i b l e  damage t h a t  may occur .  A t  b e s t ,   d r i f t  may only  be  minimized-- 

t h r o u g h   t h e   u s e  of s p e c i a l l y   d e s i g n e d   e q u i p m e n t ,   b y   t h e   a d d i t i o n   o f   d r i f t  con- 

t r o l   a g e n t s   t o   t h e   s p r a y   t a n k  mix, and by sp ray ing   unde r  optimum weather  condi -  

t i o n s  (i .e. , low temperature,   low  windspeed,  and when t h e  wind is moving away 

from a non- t a rge t  area) (Akesson e t  al . ,  1977; Lawson and Uk, 1979) .  

A p o t e n t i a l l y   i m p o r t a n t   d r i f t   p r o b l e m  is r e l a t e d   t o   t h e   w i d e s p r e a d   u s e  of 

the  h e r b i c i d e  MCPA i n   r i c e   c u l t u r e   i n   B u t t e   C o u n t y ,   C a l i f o r n i a .   S i n c e  many r ice  

, f i e l d s  are l o c a t e d   n e a r   e x t e n s i v e  almond  and  walnut   orchards,   there  is  concern 

' that  even a small amount  of d r i f t  of MCPA i n t o   t h e   o r c h a r d s  may a d v e r s e l y   a f f e c t  

t h e  trees. We r e p o r t   h e r e   t h e   r e s u l t s  of a s tudy  which was i n t e n d e d   t o   d e s c r i b e  

the e x t e n t  of d r i f t  of MCPA d u r i n g   a p p l i c a t i o n   a n d   t h e  movement of a i r b o r n e  

r e s i d u e s   p o s t - a p p l i c a t i o n   i n   d e f i n e d  rice f i e l d - a d j a c e n t   o r c h a r d   l o c a t i o n s .  

However ,   no   conclus ions   a re   d rawn  concern ing   the   impact  of r e s i d u e s   i n  orchard 

a.5.c 57. Ithe h e a l t h  of t h e  trees b e c a u s e   t h e r e  is p r e s e n t l y   n o   b a s i s   f o r   c o r r e l a t -  

i n g   a i r b o r n e   r e s i d u e   l e v e l s   w i t h   i n j u r y .  
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' Experimental 

F i e l d   T r e a t m e n t s .   T h r e e   r i c e   f i e l d s ,   l o c a t e d   i n  B u t t e  County ,   Cal i forn ia ,  

were   t rea ted   commerc ia l ly   one  time eaeh   w i th   t he   d ime thy lan ine  s a l t  of 4-chloro-  

2-methyl  phenoxyacetic  acid (MCPA) on  June 1 7 ,  2 2 ,  and 30 (F igu re  1) a t  0600- 

0730,  0817-0945,  and  1008-1150,  respectively.   The  rates of app l . i ca t ion  of iJctiVe 

i n g r e d i e n t  were 1 .03   kg /ha  ( J u n e  17  (65, ha);   Rhodia)  and 0.84 kg/ha (June 22 

(90 ha) and 30 (250  ha) ;  Dow). The June  1 7  a p p l i c a t i o n   a l s o   i n c l u d e d  0.08 kg/Ila 

N a l c o - t r o l R   d r i f t   c o n t r o l   a g e n t   i n   t r e a t m e n t s  made from  the  northern  boundary of ' 

t h e   f i e l d   t o  305 m s o u t h  of t h i s  boundary .   The   appl ica t ions  were made by f l x e d -  

wing a i r c r a f t  i n  an  east-west d l r e c t i o n  a t  an a l t i t u d e  of 3 m above   t he   r i ce .  

Fo r   t he   mos t   pa r t ,   t he   w ind  was o u t  of the   nor thwes t ;   windspeed  and d i r e c t i o n  

were recorded  by a p o r t a b l e   w e a t h e r   s t a t i o n   n e a r   t h e   f i e l d s .  

Air Sampling.  High  volume  (Hivol) a i r  sample r s   (S t ap lex ) ,   c apab le  of flow 

rates g r e a t e r   t h a n  1 m /min, were charged   wi th   100  m l  20-50 mesh XAD-4 c r o s s -  

l i n k e d   p o l y s t y r e n e   m a c r o - r e t i c u l a r   a d s o r b e n t  (Rohm and  Haas) ;   the   adsorbent  was 

p repa red   by   wash ing   w i th   wa te r   and   ace tone ,   and   t hen   Soxh le t   ex t r ac t ion   w i th  

methanol (1 d a y )   f o l l o w e d   w i t h   d i e t h y l   e t h e r  (1 day)   wi th   subsequent   d ry ing  ilt 

50°C i n  a vacuum oven  overnight .   The  Hivol   samplers  were p laced  at v a r i o u s  d i s -  

t ances  up t o   1 . 9  km downwind a n d   a d j a c e n t   t o   a n d   i n s i d e   o r c h a r d s  upwind of  t h e  

3 

a p p l i c a t i o n s   ( F i g u r e  1). The June 1 7  a p p l i c a t i o n  was not  monitored';  however, a i r  

samples w p e  taken.   approximately  one  hour ,  two h o u r s ,   f i v e   h o u r s ,   o n e   d a y ,  and 

two days   pos t -appl ica t ion .   For   the   June  22 t rea tment ,   samples   were   t aken   dur ing  

a p p l i c a t i o n ,   o n e   h o u r ,   f i v e   h o u r s ,   o n e   d a y ,   a n d   t h r e e   d a y s   a f t e r   a p p l i c a t i o n ;   a i r  

samples were a l s o   t a k e n   d u r i n g   t h e   J u n e  30 a p p l i c a t i o n  a n d  approximately 0.5-1 

hour   a f te rwards .  Two Hivol   ambient   sampl ing   s ta t ions  were s e t  up  near  the two 
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f i e l d s   t r e a t e d   o n   J u n e  22 and 30 (Skinner   property  shop,   North  Stat ion)   and a t  

t h e  Rice Exper imen ta l   S t a t ion ,   B iggs ,   Ca l i fo rn ia ,   app rox ima te ly  18 km sou theas t  

(Sourh S t a t i o n )   ( F i g u r e s  8 and 9 ) .  The  samples were ope ra t ed  by e l e c t r i c  timers 

from 0500 t o  1600 hours   each  day  f rom  about   June  10  to   August  3, 1979. I n  most 

c a s e s ,   t h e  XAD-4 adsorbent  was  changed  each  day. A l l  a i r  samples were s t o r e d  

in   sc rew-cap  jars ,  t r a n s p o r t e d   t o  Davis,  C a l i f o r n i a ,   a n d   s t o r e d  a t  -10°C u n t i l  

clnal.yzed. 

- Sample   Prepara t ion   (F igure  !o>. To e a c h   a d s o r h m t  sample was added  150 ml 

Nnnograde  methanol (MeOH; Mal l inck rod t ) ;  the samples were swi r l ed  on a r o t a r y  

s h a k e r   f o r  two hours, and  then were d e c a n t e d   a n d   f i l t e r e d .  The f i l t r a t e s   w e r e  

r e d u c e d   i n  volume t o   a b o u t  10 t o  20 ml u s i n g  a r o t a r y   e v a p o r a t o r ,   . d i l u t e d   w i t h  

a 100 m l  mix tu re  of 0.1 N a q u e o u s   s u l f u r i c   a c i d   a n d  5% sodium s u l f a t e  i n  a 

s cpnra to ry   funne l ,   and   shaken   v igo rous ly   fo r   abou t  90 sec with 40 ml Nanograde 

met:hylene  chlor ide (MeC12) w i t h   f r e q u e n t   v e n t i n g .   A f t e r   s e p a r a t i o n ,   t h e  MeCl 2 

l a y e r  was d r a f n e d   i n t o  a 50 ml c e n t r i f u g e   t u b e ,   r e d u c e d  i n  volume t o  1 t o  2 ml 

under a stream of d r y   n i t r o g e n   a n d   i n  a water bath h e a t e d   t o  50"C, and  then  mixed 

wi th  1 t o  2 m l  e the rea l   d i azomethane  (CH2N2) a t  room temperature f o r  30 min. 

After t h i s  time, 2 m l  Nanograde  hexane w a s  added,   excess   diazomethane was 

evaporated  under  a stream o f   d r y   n i t r o g e n   u s i n g   t h e   h e a t e d  water b a t h ,  and t h e  

mixture  ( 3 - 4  ml) was t r a n s f e r r e d   t o  a hematoc r i t  and  reduced i n  volume t o  0 .5  m l  

for gas chromatography (GC). When f u r t h e r   c l e a n u p  was r equ i r ed ,   t he   me thy la t ed  

sample was t aken  j u s t  t o   d r y n e s s   a n d   t h e n   d i s s o l v e d   i n  5 m l  benzene. The s o l w  

t i o n  vas added t o   t h e   t o p  of a 7 cm x 1.6 cm column of 80-100 mesh PR grade 

F l o r i s i l   ( a c t i v a t e d   o v e r n i g h t  a t  l l O ° C  i n  a drying  oven)  prewashed with 35 rnl 

benzene ;   t he   add i t ion  was followed  by 2 x 5 m l  benzene  washes oE t he   hema toc r i t .  

The F l o r i s i l  column was t h e n   e l u t e d   w i t h  40 m l  6% d i e t h y l   e t h e r   i n   b e n z e n e   s n d   t h e  

e luate  was a d j u s t e d   i n  volume f o r  GC. 
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- Gas Chromatography. GC was accomplished  using  a  Dohrmann  gas  chromatograph 

equipped  with  a  Model  C-200  microcoulometer,  a  Model P-1.00 furnace  control,  and 

a 1.5 m x 6 mm (OD)  glass column  packed with 10% DC-200  on 80-100 mesh (;as Chrom 

Q at  150°C. After  each  injection  the  solvent was allowed  to  vent to the at- 

mosphere  for  about 30 sec  after  passing  through  the GC column. The vent wab then 

closed  allowing the chromatographed  residues  to  pass  to  the  detector. The .mini- 

mum  detectability,  based  on  detector  response  to  standard  injections, w a s  about 

3  ng/m3  for a one  hour  Hivol  sample  and <1 ng/m3  for  an  ambient Hivol sample. 

The samples were quantitated  by  comparing  peak  heights  with  those of standards of 

MCPA  and  4-chloro-o-cresol  (4-CLOC), a major  breakdown  product of MCPA  (Figure 11). 

Confirmation of MCPA and  4-CLOC in some of the  air  samples (four  out of over 100) 

was accomplished using,a Finnigan  Model 3200 gas  chromatograph/mass  spectrometer 

(GC/MS)  equipped with a Model 6000 data  system. The GC oven  contained a 1 5 : 9  

splitter  and  a 30 m  glass  capillary  column  coated  with  SP2250  (Supelco)  which 

was  programmed  from  100°C  to  240°C  at 8'C/min. A t  3 sec/scan, a typical  run 

time  for  each  sample  was  about  15-20  min. The mass  spectral  data are as follows 

(Figure  12) : For  MCPA (methylated)-m/e 214 (parent) , d e  141 (base) P m/e 155, 

m/e 89 (tropylium  cation),  and  m/e 77.  Associated  with  each  fragment  (except 

m/e 77 and  m/e 89)  was  a fragment  containing  the  37Cl  isomer  (37C1/ C1 = 0 . 3 3 3 )  ; 35 

RESULTS AND DISCUSSION 

Sampling  and  Analysis. XAD-4 resin has proved  to be an  efficient  trapping 

agent  for a  variety  of  pesticides  (Woodrow  and Seiber, 1978; Seiber -- et -_ n l . ,  1980). 
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When  MCPA was s p i k e d   i n  known amounts t o  XAD-4 and a i r  was drawn th rough  the  

mixture   us ing  R Hivol  sampler ope ra t ed  a t  CH 1 m /min f o r  90-120 min ,   recover ies  

of MCPA were i n  excess of 80%. T h i s   h i g h   r e c o v e r y   p a r t l y   r e f l e c t s   t h e  low 

v o l a t i l i t y  of the  amine s a l t  of MCPA (es t ima ted   vapor   p re s su re  of ca 10 m 
- 10 

Ilg, b y  analogy  wit:^ t h a t  of the  amine s a l t  of 2.4-D repor ted   by  Hee and 

Su the r l and ,  1974) r e n d e r i n g  i t  immobile i n  the r e s i n   b e d ,   a n d   t h e  good s o l u b i l i -  

t y  o f   t h e  sa l t  i n   t h e   m e t h a n o l   e x t r a c t i n g   s o l v e n t .  By c o n t r a s t ,  the recovery of 

4-CLOC sp iked  as vapor  t o  t h e  res in  bed i n  a similar test was 4 4 . 8  5 2.4% 

( ave rage   and   one   s t anda rd   dev ia t ion  of three r e p l i c a t e s ) ;  t h i s  appa ren t ly  re- 

f l e c t s  t h e   h i g h e r   v o l a t i l i t y  o€  4-CLOC,when compared  with MCPA amine s a l t ,  

s i n c e   t h e   e x t r a c t i o n  of r e s i n   s p i k e d  wi th  4-CLOC b u t   n o t   s u b j e c t e d   t o   a n  a i r  

. L ~ ~ w  g a v e   r e c o v e r i e s   i n   e x c e s s  of 80%. 

3 

Under a c t u a l   s p r a y   c o n d i t i o n s ,   t h e   a m o u n t s  of MCPA amine s a l t  e x i s t i n g  as 

vapor  should be  very  low  and air  sampl ing ,   then ,   would   involve   t rapping   essen-  

t i a l l y   o n l y   a e r o s o l s ;   h o w e v e r ,   t h e   t r a p p i n g   e f f i c i e n c y  of  XAD-4 f o r  aerosols  is 

not  known. I n   a n  ear l ie r  s t u d y   u s i n g   p o l y u r e t h a n e  foam t o   t r a p   a i r b o r n e   d u s t ,  

poor  t r a p p i n g   e f f i c i e n c i e s  were observed  (Adam  and  Caro, 1978). However, t h e  

a e r o s o l s  of  MCPA f o r m u l a t i o n   r e s u l t i n g   f r o m   t h e   e v a p o r a t i o n  of l a rge r   aqueous  

nerosols   would be " s t i cky"   d rops  of l i q u i d   r a t h e r   t h a n   d r y   c r y s t a l l i n e   m a t e r i a l .  

T h i s  may a i d  XAD-4 i n   t r a p p i n g   t h e  material from a i r .  The a b i l i t y  of LID-4 to 

t r a p  aerosols   f rom a i r  is p r e s e n t l y   u n d e r   i n v e s t i g a t i o n .  

The   me thano l i c   ex t r ac t s   o f  XAD-4 a i r  samples   con ta ined   r e s idues  of ?ICPA 

amine s a l t ,  4-CLOC, a n d   p o t e n t i a l l y   t h e  MCPA f r e , e   a c i d .   D i l u t i o n   w i t h  0.1 N 

sulfuric a c i d  conver ted   the   amine  salt  t o  t h e   a c i d  (pK = 3 . 2 8 )  and   i n su red   e f f i c i -  

e n t   p a r t i t i o n i n g  of MCPA i n t o   t h e  MeC12 phase.   Subsequent   t reatment  w i t h  diazo-  

methane  gave a r a p i d   a n d   q u a n t i t a t i v e   c o n v e r s i o n   t o   t h e   v o l a t i l e   m e t h y l   e s t e r  

(confirmed  by GC/MS). On t he   o the r   hand ,   t he   pheno l i c   g roup   o f  4-CLOC is ve ry  
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w e a k l y   a c i d i c ,   u n d e r s c o r e d   b y   t h e   f a c t   t h a t   o n l y   a b o u t  50% of 4-CLOC i n  a .non-  

p o l a r   s o l v e n t  is e x t r a c t e d   i n t o  pH 13  aqueous  base.   Apparent ly   because of t h i s ,  

4-CLOC was not   methyla ted   to   any   apprec iab le   ex ten t   by   d iazomethane   in   the  time 

requ i r ed   fo r   comple t e   me thy la t ion  of MCPA. Based on r e l a t i v e  peak  height  of g a s  

chromatograms,  methylated 4-CLOC a c c o u n t s   f o r   o n l y  7 t o  8% of t h e   t o t a l  creso'l 

res idue .   Thus ,  4-CLOC was q u a n t i t a t e d  as the   unmethyla ted   phenol .  

R i c e   F i e l d  A i r  S a m p l e s .   P r i o r   t o   t h e   t h r e e   a p p l i c a t i o n s ,  a i r  samples were 

t aken  in t h e  same area t o   e s t a b l i s h   b a c k g r o u n d   l e v e l s  of MCPA and 4-CLOC (Table 

6 ) .  Out  of t h e   s i x  samples t aken ,   on ly  two conta ined   measurable  MCPA r e s f d u e s  

( n e a r   t h e   d e t e c t i o n   l i m i t )  , and  none  had 4-CLOC r e s i d u e s   a b o v e   t h e .  d e t e c t  ion 

limit. I t  is no tewor thy   t ha t   one   o f   t he  two samples t h a t   c o n t a i n e d  MCPA was 

t a k e n   a t   t h e   s o u t h   e d g e  of an almond o r c h a r d   ( P r i c e   o r c h a r d ,   F i g u r e  8 ) .  S ince  

no   app l i ca t ions   had   been  made in   t he   immedia t e  area, r e s i d u e s   o c c u r r i n g   a t   t h e  

s a m p l i n g   s t a t i o n s  may have   been   b rough t   i n   by   t he   p reva i l i ng   sou th ,   sou the i t s t  

winds   f rom  appl ica t ions  made much f u r t h e r   s o u t h .  

In t h e   v i c i n i t y   o f   t h e   t h r e e  test f i e l d s ,   t h e   w i n d s   b l e w   f r o m   t h e   n o r t h e r l y  

d i r e c t i o n s   i n f r e q u e n t l y   ( T a b l e  7) and it was g e n e r a l l y   d u r i n g   t h e s e   b r i e f  

p e r i o d s  (a ,few h o u r s  a t  mos t )   t ha t  MCPA s p r a y i n g  was  allowed'  by the B u t t e  

County Agricul tural   Commissioner .  By f a r   t h e   p r e d o m i n a t e   w i n d s   i n   ' t h i s   a r e a  

were f r o m   t h e   s o u t h   a n d   s o u t h e a s t .   T h i s   m e a n t   t h a t ,   i n   p r a c t i c e ,   o n e   c o u l d   c o l -  

lect  downwind a i r  samples   south  of a s p e c i f i c   f i e l d   o n l y   d u r i n g   s p r a y i n g   a n d ,  

a t  b e s t ,   f o r  a few hour s   pos t - sp ray ing .  A t  o t h e r   s a m p l i n g  times i t  was d i f f i c u l t  

t o  c o r r e l a t e   o b s e r v e d   a i r b o r n e   r e s i d u e s   w i t h   s p e c i f i c   t r e a t m e n t   l o c a t i o n s ,  as any 

t r e a t e d   f i e l d s   s o u t h  of t h e   s t u d y  area (where rice is the   major   c rop)   could  have 

c o n t r i b u t e d   t o   r e s i d u e s   c o l l e c t e d  by o u r  a i r  samplers .  
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R e p l i c a t i o n   o f   r e s u l t s   i n   l a b o r a t o r y  tests made of t h e   a n a l y t i c a l   p r o c e d u r e  

were q u i t e  good. However, w e  d id   no t   have  a s u f f i c i e n t  number of a i r  samplers  to 

a l low for  c o l l e c t i n g   r e p l i c a t e s   r o u t i n e l y  a t  t h e  same l o c a t i o n  for r i g o r o u s l y  

t e s t i n g   v a r i a b i l i t y   i n   t h e   f i e l d .  A t  on ly  s i x  f i e l d   s a m p l i n g   l o c a t i o n s  of more 

than  100  employed i n   t h e  tests to   be   descr ibed   be low were dupl ica te   samples   t aken .  

l’he a g r e e m e n t   f o r   t h e s e   d u p l i c a t e s   ( T a b l e  8) was g e n e r a l l y   s a t i s f a c t o r y ;   e x p r e s s -  

i n g  t h e  difference  between  nanograms  t rapped by two d u p l i c a t e   s a m p l e r s  a s  a per- 

c e n t  of t h e  mean of t h e  two (*/; X , l oo ) ,  v a r i a b i l i t i . e s   f o r  MCPA ranged  from 0.6 

t o  36% ( o v e r a g e   v a r i a b i l i t y   1 1 . 4 % )  while  for 4-CLOC t hey   were . f rom  1 .5   t o  51% 

( a v e r a g e   v a r i a b i l i t y  29.8%). 

The June 1 7   a p p l i c a t i o n   ( T a b l e  9 ) was made t o  a rice f i e l d   i n   S e c t i o n  9 

(Tohnson; Flgure 8) loca ted   on  the s o u t h   s i d e  of Prat t -Grant   road a t  0600-0730. 

A mature almond o r c h a r d   ( P r i c e )  was l o c a t e d  to the n o r t h   j u s t   a c r o s s   P r a t t -  

Crnnt   road.  No a i r  samplers were o p e r a t e d   d u r i n g   t h e   s p r a y   t r e a t m e n t ,   b u t  p o s t -  

spray a i r  samples  were c o l l e c t e d  up t o  two d a y s   f o l l o w i n g   t r e a t m e n t   a t   s e v e r a l  

sltccl  nea r   and   w i th in   t he   f i e ld ,   and  30 m i n s i d e   t h e   o r c h a r d .  Low but  measurable 

MCPA r e s i d u e s  (3-65 ng/m ) were ob ta ined   i n   mos t   s amples   t aken  a t  the   sou th  e.dge 
3 

of  t h e   t r e a t e d   f i e l d   a n d  a t  d i s t ances   up  to  1.9 km s o u t h  of t h e   f i e l d   d u r i n g   t h e  

two-day pos t - sp ray   s ampl ing .   Gene ra l ly ,   t he   l eve l s   dec l ined   w i th   i nc reas ing  

d i s t a n c e   f r o m   t h e   f i e l d   s u c h   t h a t  a t  t h e  563 m and 1.9 km s o u t h  sites a t  1 h r ,  

5 hr ,   and  I day  post-spraying  only  one  sample  of  5 showed a r e s i d u e  (11. ng/m ) 

above t he   app rox ima te   de t ec t ion  limit. It should   be   no ted ,   however ,   tha t  the 

wind was predominately  f rom  the w e s t  and   south ,   southeas t   dur ing   pos t - spray  

snn+:.ing dune at 5 h r  and 1 day,   minimizing  the  chance  of  r e s i d u e  movrnrnt 

through  the a i r  t o  the   south   sampl ing  sites a t  those   sampl ing   per iods .  

3 

3 

Generally  higher  (<2-281 ng/m ) 4-CLOC r e s i d u e s  were observed i n  s i m i l a r  

sou th  samples except   those   t aken  a t  5 hr pos t -spray .   Excluding   these  5 hr 
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samples, t h e   r a t i o s  4-CLOCfiCPA were 22 .3   (1   h r )  , 13.1, 7.1,  and  23.4 (x = 14.5, 

2 h r ) ,  3 . 8 ,  11.4, 9.4,  14.3 and 70.5 (E = 21.9, 1 day) ,   and 1 . 4  and 0.7 ( G  = 1, 2 

day) .   Cons ider ing .   tha t  4-CLOC i s  much more v o l a t i l e   t h a n  MCPA-dimethylamine 

salt  o r  MCPA f r e e   a c i d ,   t h e   r e s u l t s   i n d i c a t e   t h a t   a i r b o r n e  4-CLOC o r i g i n a t e d  

by v o l a t i l i z a t i o n   f r o m  t h e  r i c e   f i e l d  of r e s i d u e s   d e p o s i t e d   i n   t h e   r i c e  f i e l d  

w i t h   t h e   s p r a y   f o r m u l a t i o n   ( i n   w h i c h  it is a m i n o r   c o n s t i t u e n t )   o r  formed 

from MCPA i n   t h e   r i c e   f i e l d   d u r i n g   p c a t - a p r a y   w e a t h e r i n g .  

Only minor MCPA i n t r u s i o n s  (<2-15 ng/m5> were n o t e d   w i t h i n   t h e   P r t c e  

3 
o r c h a r d ,   a n d   s l i g h t l y   h i g h e r   r e s i d u e s  (8-35 ng/m ) were a t  t h e   s o u t h   e d g e  of the 

o r c h a r d   f a c i n g   t h e  r ice  f i e l d   i n   t h e   p o s t - s p r a y   s a m p l e s .  The ave rage  rat lo  

4-CLOC/MCPA w i t h i n   t h e   o r c h a r d  was 17.6,  and a t  t h e   s o u t h   e d g e   o f   t h e   o r c h a r d  i t  

was 11.1. Both are i n   r o u g h   a g r e e m e n t   w i t h   r a t i o s   r e c o r d e d   s o u t h  of t h e  r i c e  

f i e l d ,  and t h u s   i n d i c a t e   p o s t - s p r a y   v o l a t i l i z a t i o n   f r o m   t h e  r k e  f i e l d  as  t h e  

source  of  4-CLOC. 

Conclus ions   f rom  the   June   17  treatment were: (3)   Pos t - spray   a i rborne  MCPA 

l e v e l s   i n  a i r  s u r r o u n d i n g   t h e   t r e a t e d   f i e l d  were g e n e r a l l y  low, as p r e d i c t e d  

from t h e  low v o l a t i l i t y  of MCPA-dimethylamine s a l t ;  (2)  Ai rborne  MCPA was, how- 

eve r ,   de t ec t ab le   i n   mos t   pos t - sp ray   s amples ;   (3 )   a i rbo rne   l eve l s  of 4-CLOC 

gene ra l ly   exceed  MCPA (ie. ,  I r a t i o  > 1) i n   t h e   p o s t - s p r a y   s a m p l e s ,   r e f l c c t h g  

t h e   a b i l i t y  of t h e  more v o l a t i l e  4-CLOC to  evapora t e   f rom  the  treated fie1.d 

a f t e r   s p r a y i n g  was completed;  and (4) some movement of   bo th   chemica ls   occur red  

toward  and  within a nearby  

r e in fo rced   by   t he  presence 

t a k e n   i n   t h e   P r i c e   o r c h a r d  

a lmond   o rcha rd ,   bu t   i n   l ow  l eve l s .   The   l a t t e r  i s  

of d e t e c t a b l e   r e s i d u e s  of MCPA i n  almond l eaf   samples  

by   Winter l in ' s   g roup  on June  17  and 18. 

Tho June 22  a p p l i c a t i o n  was made t o  a w e s t e r n   p o r t i o n  of S e c t i o n  14 

(Sk inne r ;   F igu re  8) a t  0817-0945.  Both  spray  and  post-spray  samples were co l -  

l e c t e d   a d j a c e n t  t o  t h e   f i e l d ,  a t  several l o c a t i o n s  south of t h e   f i e l d ,  in.an 
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almond-walnut  orchard  (McClintock's)   located 400 rn n o r t h  of t h e   f i e l d ,  and a 

p i s t a c h i o   o r c h a r d   ( P e t e r s o n ' s )   l o c a t e d  - ca 3 . 3  km n o r t h  of t h e   f i e l d   ( T a b l e  10). 

D m u i n d   ( s o u t h )   s a m p l e s   t a k e n   d u r i n g   s p r a y   c o n t a i n e d  MCPA a t  leve ls   o f   573  

(south   edge  of r i ce  f i e l d ) ,  295  (201 m south) ,   and  62  ng/m (402 m s o u t h )   f o r  

which b-CLOC/MCPA ra t ios  were 0.21,  0.07,  and 0.11, r e s p e c t i v e l y  (x = 0.13)--a 

s h a r p   c o n t r a s t   w i t h   J u n e   1 7   p o s t - s p r a y  a i r  samples. The post-spray  samples  taken 

a t  1 and 5 h r  showed much lower a i r b o r n e  MCPA r e s i d u e s   t h a n   r e c o r d e d   d u r i n g  spray, 

and an i n c r e a s e d  4-CLOC/MCPA r a t i o  (x = 1.6).  

3 

Samples   taken a t  t h e   n o r t h   e d g e  of t h e   f i e l d  showed apparent  upwind d r i f t  

of MCPA (207 ng/m MCPA, and a 4-CLOC/MCPA r a t i o  of 0.1) d u r i n g   s p r a y i n g .  Samples  

t a k e n  a t  t h e  same l o c a t f o n  a f t e r  spraying   had  6 (1 h r ) ,  10 (5 h r ) ,  36 ( 1   d a y ) ,  

and 5 ng/m3 ( 3  days )   w i th  4-CLOCIMCPA r a t i o s  of 9.5,  e 0 . 2 ,  0.69, and 4.8 respec- 

t i v e l y  (x = 3 .8 ) .  

3 

Almond-walnut orchard  samples  showed l e v e l s  of MCPA a t  t h e   d e t e c t i o n  limit 

d u r i n g   s p r a y i n g ,   m i n o r   i n c u r s i o n s  of MCPA ( C  2-13 ng/m ) a t  1 h r ,  5 h r ,  1 d a y  3 

(am),  and 3 days  post-spraying,   and 4-CLOC/MCPA r a t i o s   v a r y i n g   o v e r  a w i d e  

range  from < 1-17.3 (x = 4 . 1 )   d u r i n g   t h e  same sampling times. The l e v e l s  of NCPA 

(107 ng/m ) and 4-CLOC (275 ng/m ) i n   t h e   h i g h   o r c h a r d   s a m p l e  (ie one   t aken   j u s t  

above   the   o rchard   canopy)   on   the   a f te rnoon of day 1 post-spray .were cons iderably  

3 3 
-' 

above a l l   o t h e r  similar samples  (confirmed  by GC/MS). We t e n d   t o  ascrlbe t h l s  t o  

d r i f t  from  an MCPA treatment made o t h e r   t h a n   i n   S e c t i o n   1 4 ,  and n o t e   t h a t  n 

J u n e  23  a p p l i c a t i o n  was r e c o r d e d   i n   S e c t i o n  8 (about 2 miles t o   t h e   w e s t )   w h i l e  

sttS.l.1 others may h a v e   t a k e n   p l a c e   i n  r i ce  f i e l d s  to t h e   s o u t h   d u r i n g   t h a t  af ter-  

noon  per iod .   S ince   wind   d i rec t ion   dur ing   the   per iod   the   anomalous ly  high samples 

were obta ined  was from t h e   s o u t h e a s t ,   t h e   s e c o n d   e x p l a n a t i o n  is favored.  

Leaf r e s i d u e s  of  samples of McClintock  orchard  walnuts  on days 0 (June  221, 

and 1 (June 23)  showed 0.34 and  0.28 ppm, r e spec t ive ly ,   and   by  June 29 were 

st i l l  a t  0.24 ppm (cf S e e t i o n  V ) .  



There was no measurab le   a i rbo rne  MCPA o r  4-CLOC i n   t h e   p i s t a c h i o   o r c h a r d   i n  

samples   co l lec ted   dur ine :   o r   fo l lowing   the  June 22 a p p l i c a t i o n   t o  Sect3.cn 14.  

There was a l so   no   measu rab le   l ea f   r e s idue  (< 0.01  ppm) i n   t h i s   o r c h a r d   i n   s a m p l e s  

c o l l e c t e d  on  June 22 and  23  (Section V). 

S e v e r a l   p o i n t s   r e g a r d i n g   t h e   J u n e  22 appl icat ion  and  accompanying air som- 

p l e s  dese rve  comment: (1) A second rice f i e l d   o n l y  0.5 mile s o u t h  of the s tudy  

f i e l d  was sprayed   wi th  MCPA a t  v i r t u a l l y   t h e  same time as t h e   s t u d y  f i e l d .  

Thus, a i r b o r n e  levels r eco rded   sou th   o f   t he   s tudy   f i e ld  may h.ave inc luded  

some re s idue   f rom  the  2nd f i e l d .   ( I n   f a c t ,   o n e  a i r  sample r   l oca t ed  0.5 mile 

s o u t h   o f   t h e   s t u d y   f i e l d   r e c e i v e d  a " d i r e c t   h i t "   f r o m   t h e  2nd a p p l i c a t i o n   a n d  

thus  was n o t   a n a l y z e d ) .  ( 2 )  The 4-CLOC/MCPA ratios i n  downwind samples taken 

dur ing   sp ray ing  are much lower   than  i n  similar post-spray samples. This is 

i n   l i n e   w i t h   t h e   o r i g i n  of s p r a y - d r i f t  4-CLOC r e s t i n g   w i t h   t h e   f o r m u l a t i o n  

a p p l i e d ,  as opposed to its o r i g i n   p o s t - s p r a y  by t h e   v o l a t i l i z a t i o n  mechanism 

r e f e r r e d   t o   p r e v i o u s l y   i n   t h i s   r e p o r t .  (3) MCPA r e s i d u e s  of 33-79 ng/m were 

recorded j u s t  above  the rice f i e l d  a t  1 day  post-spray,  and were g e n e r a l l y  

h i g h e r  i n  t h e . a f t e r n o o n   t h a n   i n   t h e   m o r n i n g .   T h i s ,  when .combined w i t h   s i m i l a r  

results f rom  in - f i e ld  a i r  samples taken  a t  1 and 2 days   pos t - spray  a t  S e c t i o n  

9 (Table  g ) ,  i n d i c a t e   t h a t  MCPA i t s e l f   ( l o g i c a l l y  as t h e   f r e e   a c i d   r a t h e r  

t han   t he   amine   s a l t )  may v o l a t i l i z e   f r o m  a t r e a t e d   r i c e   f i e l d  by a s i m i l a r  

mechanism t o   t h a t   d e s c r i b e d   f o r  4-CLOC (bu t  a t  a lower ra te  t h a n   f o r  4-CLOC). 

( 4 )  McClintock  orchard a i r  and   l ea f   r e s idues   bea r ing  MCPA on days 0 and 1 

3 

c a n n o t   c l e a r l y  be a s c r i b e d   t o   t h e   S e c t i o n  1 4  s p r a y i n g  for ,  as was noted  above,  

a n   a p p l i c a t i o n  was made s imul t aneous ly  less than  a mile sou th  on  day 0 (June 

22)  and a t  o n e   o t h e r   r i c e   f i e l d  west and  probably a t  o t h e r s   f u r t h e r   s o u t h  on 

day  1 ( J u n e   2 3 ) .   A p p l i c a t i o n s   f u r t h e r   s o u t h   a l m o s t   c e r t a i n l y   c o n t r i b u t e d   t o  

the  anomalously  high  day. 1 af t e rnoon   r e s idue   i n   t he   .McCl in tock   o rcha rd   s ince '  

t he  wind was f rom  the   sou th   du r ing   t ha t   s ampl ing   pe r iod .  

http://Sect3.cn


The June  30 a p p l i c a t i o n   ( T a b l e  11) was made t o   a n   e a s t e r n   p o r t i o n  of  Scc.tlon 

1 4  and   wes te rn   por t ion  of S e c t i o n  13 (Sk inne r ;   F igu re   8 )  a t  1008-1150. As f a r  as 

x-=  c<'uld d e t e r m i n e ,   t h i s  was t h e   o n l y  MCZtI\ t r ea tmen t  made t h a t  day i n   t h e  P r n t t -  

G r a n t   r o a d   v i c i n i t y .  Air samples  were taken   dur ing   spraying   and   0 .5-1   h r  p u s t -  

s p r a y i n g  a t  l o c a t i o n s   s i m i l a r l y   d e p l o y e d  as  i n  the  June  17  and 22 a p p l i c a t i o n s ,  

and in two o r c h a r d s  one of which (McClintock's--almonds/walnuts)' was loca ted  

__ c a  300 m no r thwes t   o f   t he   no r th   edge  of t h e   t r e a t e d   f i e l d   a n d   t h e   s e c o n d  

(Marttnez--almonds) ca 804 m n o r t h  of the t r e a t e d   f i e l d .  Downwind (south)  

rcasidues  of MCPA d e c l i n e d  from 346 ng/m3 (south  edge),  t o  51 ng/m3 (201. m 

s o u t h )  , and to 18 ng/m3  (402 m sou th )   du r ing   sp ray ing .  However, 4-CLOC d i d  

no t  show a similar d e c l i n e  with d i s t a n c e  (77 ng/m a t  sou th   edge ,  57 ng/m 

a t  201 m sou th ,   and  72  ng/m3 a t  402 m south)   and   the  &CLOC/MCPA r a t i o s  

r e f l e c t e d   t h i s  (0.22, 1.12,  and 4.00). In t h i s   c a s e ,   m o s t   o f   t h e  4-CLOC i n  

n i r  d i d  n o t   o r i g i n a t e   f r o m   t h e   s p r a y   d r i f t ,   b u t  may have come f r o m   t h e   f i c l d  

3 3 

i n  which the samplers were deployed.   This  seems l i k e l y   s i n c e  the f j e l d  j u c ; t  

s o u t h  of t h e   J u n e  30 a p p l i c a t i o n   h a d   b e e n   t r e a t e d   w i t h  MCPA on J u n e  7 5  :lnd 

2 7 .  A t  0.5-1 hour   pos t - sp ray ,   t he  same sample r   s t a t ions   had  4 5 ,  S ,  and 12: ng/m 

MCPA and showed 4-CLOC/MCPA r a t i o s   o f  2.0,  15.2,  and 4.8. The n o r t h  edge of  

the f i e l d  had 46  ng/m3 MCPA dur ing   spray   and   10  ng/m 0.5-1. h r   p o s t   s p r a y ,  

w l t h  4-CLOC/MCPA r a t io s  of 1.1 and 5.1, r e s p e c t i v e l y ,   i n d i . c a t i n g   s p r a y   d r i f t  

and  post-spray f i e l d  v a p o r i z a t i o n  of 4-CLOC.  

3 

3 

The  northwest   orchard  (McClintock 's)   had  very low (2  - 1.1 ng/m ) MCPA i n  3 

:'-? "?ray and pos t -spray  samples but   unexpec ted ly   h igh  4-CLOC r e s i d u e s  ( l / t h  

and 190 ng/m ) reminiscent  of t hose   r eco rded  in t h e   P r i c e   o r c h a r d  on June 1 7  3 

and 18. A s i n g l e  sample  taken i n  t he   o rcha rd   (Mar t inez )   no r th  of t h e  rice? 

f i c l d  had 5 ng/m MCPA and 60 ng/rn3 4-CLOC (confirmed  by G C j M S ) .  There were 

no  leaf  samples   taken on t h i s   day   f rom  e i the r   t he   McCl in tock   o r   Mar t inez  

3 

orcha rd   fo r   compar i son   w i th   t he  air r e s i d u e s .  
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W i t h   r e g a r d   t o   i n t r u s i o n  of MCPA in to   nea rby   o rcha rds ,   t he   June  30 a p p l i c a -  

t i o n   i n d i c a t e d   t h a t   s u c h   i n t r u s i o n s   s h o u l d   b e  very low  when  wind d i r e c t i o n  Is  

f r o m   o r c h a r d   t o   f i e l d   ( a s  was t h e   c a s e  for the   McCl in tock   orchard) ,  when the  

orchard  is g r e a t e r   t h a n  804 m upwind o r   c r o s s w i n d   f r o m   t h e   f i e l d   ' ( t h e  c a s e  f o r  

the  Martinez  orchard),   and  the  windspeed is r e l a t i v e l y   b r l s k  ( 8  rnph i n   t h i s  case) 

and  cons tan t  (west and  northwest  i n  t h i s  case). However, since a l l  of t hese  

f a c t o r s   s h o u l d   m i t i g a t e   a g a i n s t  4-CLOC i n t r u s i o n  as well as MCPA, t he   f i nd i r t8  

of  high 4-CLOC r e s i d u e s   i n   b o t h   o r c h a r d s  is unexplained.  

Compos i t e   P ro f i l e s  of Airborne MCPA i n  t h e   V i c i n i t y  of Trea ted  Rice. -- The 
downwind ( s o u t h )   d i s s i p a t i o n  of a i r b o r n e  MCPA f o r   t h e   J u n e  30 a p p l i c a t i o h  i s  

p l o t t e d   i n   F i g u r e 1 3 u s i n g   b o t h   t o t a l  volume (TV; Table  11) of a i r  sampled  and 

e f f e c t i v e  volume (EV). , The lat ter is the   p roduc t  of sampler   f low rate and time 

the   wind  blew  toward  the  sampler   within an arc descr ibed   by   the   f ie ld   d imen-  

s i o n s  and the   s ample r   pos i t i on .  Total  volume, which was used  to  compute  con- 

c e n t r a t i o n s  for  a l l  of t he   s amples   co l l ec t ed  i n  t h i s   s t u d y ,  w i l l  n o t   a c c u r a t e l y  

represent a i r b o r n e   r e s i d u e  levels i f ,   u n d e r   c e r t a i n   s p r a y   d r i f t   c o n d i t i o n s ,   t h e  

wind o c c a s i o n a l l y   s h i f t s  away from  the  samplers  so t h a t   n o t   a l l   t h e  a i r  sampled 

conta ins   res idues .   Us ing  EV, t h e   a v e r a g e   c o n c e n t r a t i o n  of MCPA a t  each downwind 

s t a t i o n   d u r i n g   s p r a y i n g  was 497  ng/m (south  edge) ,   164 ng/m (201/m south) ,  and 3 3 

156 ng/m (402 m sou th ) .  The r a t i o s  EV/TV were 1.4 (sough  edge) ,  3.2 (201. m 

south) ,   and  8.7 (402 m s o u t h ) '   i n d i c a t i n g   t h a t   t h e ,   u s e  of e i t h e r  EN .or  TV w i l l  

have a pronounced  inf luence  on  the assessment of l o n g - d i s t a n c e   d r i f t .  

3 

F i g u r e 1 3  shows t h a t   r a p i d   d e c l i n e   i n . c o n c e n t r a t i o n   o c c u r s  near the   sou rce  

followed by a mote   g radua l   change   w i th   i nc reas ing   d i s t ance ;   t h i s   has   been  ob- 

served  for  another   non-vola t i le   herb ic ide- -paraquat  (Byass and  Lake, 1977;  Se ibe r  

and Woodrow, 1980)--and i t  may be: t y p i c a l  of any a i r c r a f t   s p r a y s   c o n t a i n i n g  non- 

v o l a t i l e   p e s t i c i d e  sa l t s .  The d i s s i p a t i o n   c u r v e s   s u g g e s t   ( e s p e c i a l l y   t h e  EV 
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curve )   t ha t ,   depend ing  upon the   sou rce   s t r eng th ,   measu rab le   r e s idues  of MCPA may 

be   found   k i lome te r s  downwind.  However, due t o  uneven t e r r a i n  and   poss ib le   tu rbu-  

l e n t  wind f low,  downwind c o n c e n t r a t i o n s  may b e  somewhat a t t e n u a t e d .  

A composi te  map of  MCPA and 4-CLOC a i r b o r n e   r e s i d u e s   b a s e d  upon t h e   J u n e  22 

.and J u n e  30 treatments f o r  "upwind" and "downwind" sites both   dur ing   and  j u s t  

f o l l o w i n g  MCPA a p p l i c a t i o n  t o  rice is g i v e n   i n , F i g u r e   1 4 .  , G e n e r a l i z f w ,   t h i s  

c o m p o s i t e   i n d i c a t e s  a d e c l i n e   i n   r e s i d u e   o f   b o t h  MCPA and 4-CLOC w i t h  .downwind 

d is tance  d u r i n g   s p r a y i n g ,   b u t   t h a t   s i g n i f i c a n t  downwind d r i f t  w i l l  e x t e n d   f a r  

beyond 400 m; a r a p i d .   d e c l i n e  i n  airborne r e s i d u e   w i t h  time fo l lowing   t rea tment  

(approximately  by a f a c t o r   o f  10 f o r  MCPA b u t  less f o r  4-CLOC) at  1 h r   p o s t -  

s p r a y ;  a lower r e s i d u e   j u s t  upwind of the f i e l d   t h a n   j u s t  downwind (approxi- 

mate ly   by  a f a c t o r   o f  2-10 f o r  MCPA); v e r y  l i t t l e  upwind i n t r u s i o n  of MCPA t o  

orchards  beyond 400 m of t h e   f i e l d ;   b u t   s u r p r i s i n g l y   s i g n i f i c a n t  upwind 

i n t r u s i o n  of  4-CLOC beyond 400 m o f   t h e   f i e l d  (a f ind ing   wh ich  a t  t h i s   p o i n t  

i s  unexpla ined) .  

Ambient Air Samples.  The two ambient a i r  s a m p l i n g   s t a t i o n s   l o c a t e d  on t h e  

Sk inne r   p rope r ty   (Nor th   S t a t ion )   and  a t  t h e  Rice Exper imenta l   S ta t ion   (South  

S t a t i o n )   ( F i g u r e  9) gave many samples   t ha t   con ta ined  MCPA and 4-CLOC r e s i d u e s  

(Tables  12 and 13). Cacicentrations fn a i r  rang&$ R ~ d . a  a b w a  34 ng/m3 t o  less 

than  1 ng/m . G e n e r a l l y ,   t h e   h i g h e r   v a l u e s   f o r  MCPA were reco rded   du r ing   t he  

p e r i o d  of most i n t e n s e  MCPA use  in   Butfe   County  during  1979  (June  15-July l ) ,  

w h i l e   f o r  4-CLOC a t r e n d   i n   t h i s   d i r e c t i o n  was also n o t e d   b u t   w i t h   g r e a t e r  

variability. With r e g a r d  t o  t h e  l a t te r ,  i t  shou ld   be   po in t ed   ou t   t ha t   r ecove ry  

e f f i c i e n c i e s   f o r  4-CLOC i n   t h e s e  ambient samples was l i k e l y   v e r y  low due t o  t h e  

3 

t endency   of   th i s   chemica l  to  v o l a t i l i z e   f r o m   t h e   r e s i n   d u r i n g   p r o l o n g e d   s a m p l i n g .  

T h i s  may e x p l a i n  why 4-CLOCjMCPA ra t ios  i n   t h e s e   a m b i e n t   s a m p l e s  were g e n e r a l l y  

much lower than   might   have   been   expec ted   f rom  shor te r   in te rva l   samples   t aken  near 

known a p p l i c a t i o n  si tes.  



4 1  

While l o n g - d i s t a n c e   d r i f t   f r o m   r e m o t e   a p p l i c a t i o n s  is a p o s s i b l e   c o n t r i b u -  

t i n g   s o u r c e ,  many of t he   s amples  were co l l ec t ed   on   days  when known a p p l i c a t i o n s  

t o o k   p l a c e   i n   t h e   g e n e r a l  area a b o u t   e a c h   s t a t i o n   ( i n d i c a t e d  by -k i n   T a b l e  1 2 ) .  

Only one   documen ted   app l i ca t ion   nea r   t he   Sou th   S t a t ion  is a v a i l a b l e  thus f a r .  tc. 

t ook   p l ace  on June  22 a t  t h e  Rice Exper imenta l   S ta t ion   , south   and   wes t  of t h e  

sampler and is p r o b a b l y   r e s p o n s i b l e   f o r  the enhanced   res idues   observed   s ince  

t h e  wind was predominate ly   f rom  the  west and   sou thwes t   du r ing   t ha t   s ampl ing  

per iod .   Depending   upon  the   meteoro logica l   condi t ions   p reva len t   dur ing   the  

a p p l i c a t i o n s ,   t h e   a c t u a l   c o n c e n t r a t i o n s  in t h e   v i c i n i t y  of t h e  ai'r samplers 

may have   been   cons ide rab ly   h ighe r   t han  the t ime-averaged  concentrat ions  would 

ind ica te .   For   example ,   the   June  30 North   S ta t ion   sample  was taken 10 t o  "12 m 

w e s t  and nor thwes t  of a known a p p l i c a t i o n  i n  Sec t ions   13   and  14. Concen t r a t ione  

of MCPA and 4-CLOC i n  a i r  based   on   t he  time of s p r a y i n g   o n l y  were almost six 

t imes   g rea t e r   t han   t he   t ime-ave raged   concen t r a t ions .  A t  best ,  ambient  samples 

give minimum c o n c e n t r a t i o n s  of a i r b o r n e   r e s i d u e s .  

S u m a r y  

Aerial a p p l i c a t i o n   o f  MCPA i n   t h i s   s t u d y   l e d   t o   m e a s u r a b l e   s p r a y - r e l a t e d  

r e s i d u e s  up t o  400 m downwind f o r   b o t h  MCPA and 4-CLOC. T h i s   i m p l i e s   t h a t  

measurable   res idues  would  occur  a t  e v e n   g r e a t e r   d i s t a n c e s  downwind. Res idues  

were also measured i n   t h e   o r c h a r d s   n o r t h  of t h e   t r e a t m e n t  sites i n   s p i t e  of t h e  

wind l imi t a t ions   p re sc r ibed   by   t he   Bu t t e   Coun ty   Agr i cu l tu ra l   Commiss ione r .  

However, t h e   e f f e c t ,  if any, of t h e   o b s e r v e d   r e s i d u e   l e v e l s ,  on t h e   h e a l t h  o f  

the t r e e s  is no t  known. Some of the pos t -spray  air samples  seem t o  i n d i c a t e  

t h a t  MCPA may b e  vaporizing a l o n g   w i t h  4-CLOC from t h e   t r e a t e d   f i e l d s .   F u r t h e r  

i n s i g h t   i n t o   t h i s   p o s s i b i l i t y   m i g h t   b e   g a i n e d   t h r o u g h   v a p o r i z a t i o n  measurements 

i n   t h e   l a b o r a t o r y .  While MCPA and 4-CLOG r e s i d u e s  i n  the  ambient  samples no 
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d o u b t   r e f l e c t e d   p r i m a r i l y   l o c a l   a p p l i c a t i o n s ,   l o n g - d i s t a n c e   d r i f t  from  more 

r e m o t e   a p p l i c a t i o n s  must be   cons ide red  as well. More than  60X of t h e  combined 

samples  from  the  two  ambient stations conta ined   measurable  NCPA residues 

i n d i c a t i n g   t h a t   l e v e l s   i n   a i r   p r o b a b l y   r e m a i n   e l e v a t e d   d u r i n g  t h e  s p r a y i n g  

season   which   would   a l low  for   widespread   d i s t r ibu t ion .   The   presence  of kICPA 

and 4-CLOC was confirmed  by GC/MS i n   o n l y   f o u r   s a m p l e s   o u t  of over   100  taken;  

any time a sample  chromatogram  matched  the  standards,  i t  was  assumed t h a t   t h e  

sample  con ta ined  MCPA and 4-CLOC. 
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Ta . b l e  6, A i r  background  samples of a r i  .ce field environment,   June, 1979 

Concent ra t ion   in  

Air, ng/m 
3a 

-~ 

Date Locat   ion MCPA 4-CLOC 

6/07  Over  untreated. rice f i e l d  3b <3 

6 /11  Top of orchard  canopy <3 <3 

6/11  1.2 m above o r c h a r d   f l o o r  <3 <3 

6/11  Over u n t r e a t e d  rice f i e l d  c3 <3 

6 /1.1 Over u n t r e a t e d  rice f i e l d  <3 .<3 

6/16 A t  south edge of o r c h a r d  4= <3 

a C a l i b r a t e d   f l o w  of 1 . 1 2  m /min f o r   a b o u t  60 min. 3 

b 2 1 ~  ng MCPA 

‘ 2 5 0  ng MCPA 

. 
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Table  7 .  Wind d i r ec t ion   and   ave rage   w ind   speed   fo r   t he   s ampl ing   pe r iods .  

~ _ _ _ _ _ _  
Percen t  of Sampling  Time  (per  1/4  hr.)  

N NE E SE S SW W NW Average  Windspeed, mph (m/sec) 
_I - - .- -. -. __ - - - . _-. -. 

June  17:  

1 hour  

2 hour s  

5 hours 

1 day 

2 days  

J u n e  22: 

Spray 

1 hour 

5 hours  

1 day a.m. 

p.m. 

3 days 

- .-..- June  30: 

Spray 

0.5-1 hour  

20 

50 

29 

22 

45 55 

50 50 

9 64 27 

10 50  20 

50 

43 1 4   1 4  

19 81 

45 55 

11 67 

100 

2 9   7 1  

62 38 

2 1   6 8  11 

13 ( 5 . 8 )  

9 (4.0) 

7 ( 3 . 1 )  

3 (1.3) 

8 (3.6) 

1 (0.4) 

6 (2.7) 

5 (2.2) 

0.7 (0.3) 

3.0 ( 1 . 3 )  

4 (1.8) 

8 ( 3 . 6 )  

6 (2.7) 
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Table 8 .  Variability between  duplicate field air samples. 

Site  T lme Rep 1 Rep 2 
A 

mean x 100 Rep 1 Rep 2 
A 

mean x 100 

S edge June 2 2  1 hr 23,100 33,000 36% 14,400 21,900 32% 

S edge  June  22 5 hr 17,800 17,900 0.6  6,750 10,800 4 6  

S edge June 30 Spray 54,400  38,600 17 13,000 7 ,750  5 1  

S edge June 30 0 .'5- 5 ,825  5 ,750 0.6 13,725  8,800 4 4  
1 hr 

402mS June 30 Spray 2,512  2,600  3.4  10,250 10,100 1 . 5  

402mS June 30 0 .5-  2 ,362  1 ,940 11.0 10,400  10,825 4.0 
1 hr 
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Table  9 .  MCPA and  4-chloro-o-cresol (4-CLOC) in air samples t a k e n   a f t e r   t h e  
June  1 7  a p p l i c a t i o n .  

- ____- __ 
3 

Concent ra t ion  i n  Air, ng/m 
- 
S t a t i o n  1 hour  2 hours  5 hours  1 day 2 days 

High MCPA 13 -- <2 15 4 

Orcharda 4-CLOC 183 -- 107 183 10 
_-.-...*- , 

of orchard  200 -- 150 39 1 15 

South  edge of -- 13 1 7  65 16 

rlce f i e l d ,  0.3m highC -- 170 <2 250 22 --_--- 
South edge of -- 16 8 18 1 2  

r i c e  f i e l d ,  1 . 8 m  high' -- 114 e2 206 8 
-. -- --- 
201m s o u t h  -- 12 3 24 

of rice f i e l d  -- 281d 24 22 7 -- 

-- 

. - - 
563m south -- -- <2 11 -- 

a 

b-1.2nabove  orchard floor next t o  High Orchard (30 m i n  from sou th   edge ) .  

A t  t h e  t o p  of the   orchard  canopy.  

C Sample r s  were moved i n t o   t h e   t r e a t e d   f i e l d  on days 1 and 2 .  

d4-CLOC confirmed by GC/MS. 



Table 10. MCPA and  4-chloro-o-cresol (4-CLOC) i n  a i r  samples  taken during and 48 
a f t e r  t h e . J u n e  22 a p p l i c a t i o n a  

3 C o n c e n t r a t i o n   i n  Air, ng/m 
-.- ~ 

S t a t i o n  Spray 1 h o u r  5 hours  1 daye 3 days 
--- 

High MC PA 3 <2 <2 
13 
10 7 
- < 3  

Orchardb" 4-CLOC 3 <2 <2 
275 <2 _I_ 11 

- 
Low 3 <2  <2 10 9 

Orchard d 52 12 <2 12 80 
-- 

207 6 10 38 
35 North  edge - 5 

21 57  <2 20 
30 of r ice  f i e l d  - 24 

South edge of 573  137  231 -- -- 

201111 s o u t h  295 59 69 -- -- 

of r i c e  f i e l d  20 46 101 -- -_ 
. __-_- 

32 
79 0.3m above -- -- -- - 10 

33 
59 1.8 m above -- -- -- - 10 

a Anothe r   app l i ca t ion   t ook   p l ace   s imul t aneous ly  with t h i s   o n e   a b o u t  804m south  of 
t h e  test f i e l d .  

b A t  t h e  t o p  of the  orchard  canopy.  
C Afternoon MCPA and 4-CLOC confirmed by GC/MS. 

d - 1 . 2 m  above  orchard floor n e x t  to High  Orchard (30 rn i n  from south edge) 
C Morning/Afternoon;   other   samples  were t a k e n   d u r i n g   t h e   a f t e r n o o n -  
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Table 11. MCPA and  4-chloro-o-cresol (4-CLOC) i n  a i r  samples   taken  during and 
a f t e r   t h e   J u n e  30 a p p l i c a t i o n  

3 
C o n c e n t r a t i o n   i n  Air, ng/m 

--------- 

Sta t ion   Spray   0 .5-1   hour  

NW Orchard MCPA <3 -- 

HI gha 4-CLOC 144 -- 

NU Orchard 11 2 

Lowa 190 40 

North 5 -- 

Orchard b 60 -- 

North  edge of 46 10 

r ice  f i e l d  49 51 
-- 

South edge of 346 45c 

r ice  f i e l d  77 88' 

2Ol.m s o u t h  5 1' 5 

of r ice  f i e l d   5 7 c  76 

402m s o u t h  18 12 

of r ice f i e l d  72 57 
-- 
%cClintock  orchard:  High-at  top of orchard  canopy; 
Low-1.2 m above o r c h a r d   f l o o r   n e x t  to High; both -30x1 
into o r c h a r d  from south   edge .  

bHartlnez orchard-south  edge. 

C Es t ima ted   concen t r a t ions ,   s ample r s   shu t   o f f   p rema tu re ly .  
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Table 12. Ambient  air  samples  from  North  Station 

Sampling  Amount,  Conc.  in3  Amount,  Conc.  in3  Sect ion 
Dates Volume,  m  ng Air, ng/m ng  Air,  ng/m  Spraya  Number  for  Spray 

6/13-6115  1,458 1,980 1 6,000 4 - - 

6115-6/16  76  7,850  11  2,950 4 4- 23, 24 

6/16-6/17 1,102 1,325 1 2,800 2 i-u 7, 9 ,  23, 24 

6/17-6/ 18 813 < 200 < 1  < 200 < 1  - - 
6/18-6119 833 1,660 2 < 200 < 1  - - 

6/20-6121 806 4,080 5 7,254 9 + 23, 24 

6/21-6123  1,814  6,380 4 < 200 < 1  +Ut 8, 14, 13,  23, 2 4  

6123-6/25  1,250  7,650 6 < 200 < 1  +t 8, 23, 24 

6/26-6127  759  10,150 13 . 16,250  21 + 23, 24  

6/27-6/29  1,438  5,400 4 9,000 6 - - 

6/29-6/30  766  3,350 4 < 200 < 1  - - 

6 130 638 16b 

114 2 10,500 12,500 2Ob - -b 109 
+ 13,  14 

7 I1 32 3 3,360 10 10,910  34 - - 

7 / 3 - 7 1 1 5  8,622 37,250 4 < 200 < 1  - - 

il 
$. intlLc.otes number of known applications in general  area about the sampling station 
(up  t'j 5.8 km). 

b The  upper  numbers  are  time-averaged  concentrations;  the  lower  numbers  are  concentra- 
tions based on spray  time  only (1.7 hours;  114 m3). 
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Table 1 3 .  Ambient  air samples from South Stationa 

Amount, Conc. i n 3  Amount, Conc. i n 3  Amount, Conc. i n  
Date n e  Air, ng/m Date ng Air, ng/m Date ng A i r ,  ng/m 3 

6/10-MCPA < 200 < 1  7,100  10  3,400 5 
6 119  6/28 

6 /11  4-CLOC < 200 < 1  9,600  13  3,925 5 

< 200 < 1  5,150 7 3,720 5 

< .  200 < 1  12,650 17 2,175 3 
6 / 1 1  6/20 6/29 

_- -_- ---- 

4,150 6 2,880 4 2,000 3 
6/12 6 /21  7 114 

10,000  14  11,350 15 3,000 4 
~ ~ _ _  ~ -~ ~~~ ~ ~ ~~~ ~~ 

< 200 € 1  16,250 22 < 200 < 1  

< 200 < 1  8,350 11 ' 2,450 3 
6 /13  6 /22b 7 115 

9,550 13 9,750 1 3  < 200 < 1  

13,420 18 13,500 18 3,100 4 
6/14 6 123 7/16 

~- 

< 200 < 1  4,720 6 750 1 

< 200 e 1  4,900 7 11,450  15 

7,700 10  3,900 5 200 < 1  

< 200 4 1  10,050 14 1 2  ,200 16 

6 /15  6/24 7 117 

- - . - . - -. - . __ - 

6/16 6/25 7 118 

-I--...I_ -_ - 
< 200 < 1  9 ,480   13  385 0.5 

6/17 6 /26 7 119 
18,000 2 4  12,200  16  9,950  13 

3,600 5 8,750 1 2  . 670 1 

10,350 1 4  13,450 18 2,880 4 
6/18  6/27  7/20 
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Table  13. C O n t .  

Amount, Conc. in3 Amount, Conc. in Amount, Conc. in3  
Z 3 C f  ng Air, ng/m  Date ng Air, ng /m3 Date ng Air, ng/m 
~ - - -  

< 200 < 1  c 200 < 1  < 200 < 1  

2,090 3 < 200 < 1  2,050 3 

< 200 i l  555 0.8 760 1 

1,580 2 2,350 3 13 ,225  18 

7/21 ' 7/26  7/31 

7/22 7 127 811 

255 0.4 610 0.8 2,450 3 

1,480 2 2,050 3 14,700 20 
7/23 7 /28 8 12 

< 200 < 1  850 1 200 < 1  

1,500 2 14,200 19 1,325 2 
7 124  7/29 8 13 

__---.- -- 
1,725 2  1,525 2 

2,850 4 11,900 16 
7/25 7 /30 

R 1\11 sampling volumes were 739 m , except for  the first sample  which w a s  538 m , 
3 3 

h t l p p l i r n t i o n  of MCPA took place south and west of sampler. 



Figure 8. Deployment of Air  Samplers for MCPA Applications. 
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Figure 10. Analytical Scheme for XAD-4 Air Samples Containing HCPA andf 
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Figure 11. Gas chromatograms of  MCPA and 4-chloro-o-cresol (4-CLOC) standards 
(A) , a t y p i c a l  rice f i e l d   a i r  sample (B) , a reagent blank (C) , and 
an a i r  background  sample ( D ) .  
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Figure 12, Mass spectra of MCPA (A) and 4-chloro-o-cresol (B) standards. 
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FiHure 1 3 .  Decl ine  of airborne MCPA with  d is tance   during   the  June 30 applica't ion 
to rice (m = e f f e c t i v e  volume; TV = t o t a l  volume of sampled a i r ) .  
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Time 
II___) 

Locat ion During spray 

400-800 m (orchard) <3-11 (52-190) 

upwind 

0-10 m 46-207 (21-49) 

1 hr p o s t  spray 

62 (12-40) 

6-10 (51-57) 

0-10 m 346-573 (77-122) 45-137 (88) 

downwlnd 201 m 51-295 (20-57)  5-59 (46 -76 )  

402 .m 18-62  (7-72) 5-12, (24-57) 

. . .. - . - ..-. 



V .  FOLIAGE  RESIDUES OF MCPA 

To complement the   a tmospher ic   samples   (Par t  I V ) ,  l ea f   samples  were c o l l e c t e d  

from orchards   bo th   ad jacent   to   and  a t  a d i s t ance   f rom  mon i to red   sp ray   app l i ca t ions .  

The tree species   sampled  included  a lmond,   pis tachio,   and  walnut ;  samples were 

c o l l e c t e d  a t  time i n t e r v a l s  which  would  span  the  period  from several days pre- 

s p r a y  t o  3 months  post-spray,   a l though  not  a l l  l o c a t i o n s  were sampled a t  each 

i n t e r v a l .  

-. E c e r i m e n t a l  I 

Sampling. Trees were s e l e c t e d   b y   l o c a t i o n   i n   t h e   o r c h a r d ,   m a r k e d ,  and  100 

. l e a v e s  p e r  r ep l i ca t e   s ample   (25  leaves p e r   t r e e )  were taken  as uniformly  and 

randomly a s  poss ib l e   f rom  th roughou t   t he   ex t e rna l   l ea f   canopy .   In   one  la te-  

season   i n s t ance ,  almond h u l l s   a l s o  were c o l l e c t e d   i n  a random pa t t e rn .   Co l l ec t ed  

leaves  f rom  each of 4 trees were composi ted  for   each  repl icate   sample  and 

s t o r e d   s e p a r a t e l y  in g l a s s  jars. The jars were t h e n   t r a n s p o r t e d   c o l d ,   i n   a n   i c e  

c h e s t ,   t o   t h e   l a b o r a t o r y  and s t o r e d  a t  -30' u n t i l   a n a l y s i s .  Soil s u r f a c e  

samples were c o l l e c t e d  by  means  of a p o r t a b l e  vacuum c o l l e c t o r ,  and  core  samples 

approxlmately 1 cm in   dep th   and  3600 cm2 i n  t o t a l  area were t a k e n   a t   t h e  same 

l o c a t i o n .  

-.--I-__ 
Extrac t ion .   Blended   dry   p lan t  material o r  s o i l  (25  g) were p laced   in  a 

Wnring b l e n d e r   f i t t e d   w i t h  a P o l y t r o n   r o t o r ,   w i t h  250 m l  o f   e t h y l   a c e t a t e  a n d  

2 . 5  m l  of 1N H C 1 .  The c o n t e n t s  were b lended   fo r  2 minutes   and   f i l t e red   th rough 

anhydrous  sodium  sulfate  (Na SO ) i n t o  a g l a s s   s t o r a g e   b o t t l e .  

- 

2 4  

C leanup .   The   t o t a l   ex t r ac t  was t r a n s f e r r e d   t o  a 250 m l  round-bottom f l a s k  

~ 7 . i  Evapcrated t o  d ryness .   E the rea l   d i azomethane   so lu t ion  (5  m l )  was added  and 

allowed , t o  r e a c t   f o r  10 minutes ,  5 m l  of  benzene was added,  and  the c o n t e n t s  were 

evaporated t o  d ryness  on a r o t a t i n g   e v a p o r a t o r   ( c a u t i o n :  do  not  al low sample 

evapora te  beyond d ryness ) .  The r e s i d u e  was d i s s o l v e d   i n  5 m l  o f  benzene in 

- 

preparat ion  for   column.chromatography.  
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A cleanup  column, 10 cm x 12 mm i . d . ,   c o n t a i n i n g  a 125 m l  r e s e r v o i r  was 

packed  with a g l a s s  wool   p luge t ,   fo l lowed  in   sequence   by  1 cm Na SO 8 cm of 2 4,' 

P.R.  Grade F l o r i s i l ,  (80-100  mesh, h e a t   t r e a t e d   o v e r n i g h t  a t  IlO'C),:  and 

f i n a l l y  by 1 cm Na2S04.  The  column was prewashed  with 35 m l  of  benzene,  the 

sample was t r a n s f e r r e d   t o   t h e  column wi th  a d i s p o s a b l e   p i p e t ,   t h e   f l a s k  was 

washed w i t h   t h r e e   s e p a r a t e  5 m l  washes  of  benzene,  and  each  washing was t r a n s f e r r e d  

t o  t h e  column j u s t  a s  t h e   p r e v i o u s  5 m l  p o r t i o n   d i s a p p e a r e d   i n t o   t h e   t o p   l a y e r  of 

Na2S04. As t h e  l a s t  5 m l  o f   benzene   c l ea red   t he  Na2S04 l a y e r ,   t h e   c o l l e c t e d  

e l u a t e  was removed  and d i sca rded .  A s o l u t i o n  ( 4 0  ml) of 5% e thy l   e the r   i n   benzene  

was then  added t o   t h e  co lumn,   and   the   e lu ted   methyla ted  MCPA c o l l e c t e d   i n t o  a 

round-bot tom  f lask.  

The c o l l e c t e d  MCPA f r a c t i o n  w a s  evapora t ed   t o  2 ml and  again  submitted t o  t h e  

F l o r i s i l   c l e a n u p .  The f r a c t i o n   c o n t a i n i n g   t h e  MCPA ester was evaporated t o  near  

d r y n e s s ,   t r a n s f e r r e d   t o  a graduated  hematocri t   tube,   and  adjusted  to   volume  with 

b e n z e n e   p r i o r   t o   g l c   a n a l y s i s   w i t h  a mic rocou lomet r i c   de t ec to r   ( ch lo r ide  t i t r a -  

t l o n   c e l l ) .  The ana ly t i a l   equ ipmen t   and   cond i t ions  were as fo l lows:  

Equipment: Dohrmann  Model C-200 Microcoulometer;  Model G 100 Gas Chromato- 

graph;  Model P 100  Furnace  Control;  Model T-300 T i t r a t i o n  Cell. 

Pyrolysis  oven  temperature:  800°C;  Block  temperature:  200°C. 

Column Tempera tu re :  165°C. 

CRrrier  Cas: N2, 35 ml/min. 

Ox i d a t  ion  Cas : 02, 55  ml/min. 

Ohm r a n g e   s e t t i n g :   8 0 0  

Column: 10% DC 200  on Gas Chrom Q ,  80-100  mesh,  packed i n  6 '  x 1 / 4 "  g l a s s  

column. 
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Residues were measured by p e a k   h e i g h t   i n   r e l a t i o n   t o   t h o s e  of known s tandards  

of  MCPA methyl ester.  MCPA i d e n t i t y  was v e r i f i e d   i n   s e v e r a l   m e t h y l a t e d   e x t r a c t s  

b y  gas chromatography-mass  spectrometry  with a Finnigan Model 3200E inst rument  

and  comparison of t h e   r e s u l t i n g  mass s p e c t r a   w i t h   t h o s e  of a n   a u t h e n t i c   s t a n d a r d  

of MCPA methyl  ester. 

Results and  Discussion 

Seve ra l   ana ly t i ca l   me thods  were examined  with  an MCPA standard  but  proved 

u n s a t i s f a c t o r y .  Gas chromatography  wi th   an   e lec t ron-capture   de tec tor  was not  

s u f f l c i e n t l y   s e n s i t i v e   a n d   h i g h l y   s u b j e c t   t o   i n t e r f e r e n c e  and attempts t o  a d a p t  

an   ex i s t ing   p rocedure   i n   wh ich  MCPA is c o n v e r t e d   t o  i t s  h igh ly   e l ec t ron -cap tu r ing  

.pentaf luorobenzyl  ester showed i t  t o   b e   o v e r l y   s e n s i t i v e   t o   s u c h   v a r i a b l e s  as  

time, temperature ,   and pH d u r i n g   d e r i v a t i z a t i o n .  

The  method of cho ice  was gas   chromatography  with a microcoulometr ic  (Cl- 

s p e c i f i c )   d e t e c t o r .   A n a l y t i c a l   r e c o v e r i e s   n o r m a l l y  were 90-100% a t  t h e  0 . 1  ppm 

l e v e l ,  and s e n s i t i v i t y   n o r m a l l y  was 0.01-0.02 ppm. While f o r t i f i e d   p i s t a c h i o  

l e a v e s   r e s u l t e d  i n  good recovery  (90-loo%), samples  of  almond  leaves  collected 

fn  Davis  gave a l a r g e   b r o a d   p e a k   n e a r   t h e   r e t e n t i o n  time of MCPA, i n d i c a t i n g   t h e  

presence  of a ch lo r ine -con ta in ing   i n t e r f e rence   wh ich  masked or   gave a f a l s e -  

p o s l t l v e   v a l u e  for MCPA. Another  sample from unsprayed trees in   Dav i s  a l s o  con- 

t a ined  RO many c h l o r i n a t e d   i n t e r f e r e n c e s   t h a t   t h e   m i c r o c o u l o m e t r i c   a n a l y t i c a l  

system became poisoned   and   requi red   d i sassembly   and   c leaning .   These   d i f f icu l t ies  

e v e n t u a l l y  were circumvented by repea ted   c leanup  on  F l o r i s i l  columns,  but  leaves 

taken  from trees where t h i s   s t u d y  was conducted were f r e e  f rom  those   in te r fe rences .  

The r e s u l t s  of l e a f   a n a l y s i s  are shown i n   T a b l e  14. It is  a t  o n c e   s t r i k i n g  

t h a t  a l l  p re - sp ray   s amples   con ta ined   de t ec t ab le  MCPA; i t s  i d e n t i t y  was v e r i f i e d  

by mass s p e c t r o m e t r y .   I n   f a c t ,  these r e s i d u e   l e v e l s  were g e n e r a l l y  similar t o  

those   in   pos t - spray   samples .  A s  might   be   expec ted   for   res idues   resu l t ing   f rom 
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s p r a y  d r i f t ,  MCPA l e v e l s   o n   t h e   p e r i m e t e r  row of  trees c l o s e s t   t o   t h e   a p p l i c a -  

t i o n  s i t e  were c o n s i s t e n t l y   h i g h e r   t h a n   t h o s e  on leaves of i n t e r i o r  trees, 

a l t h o u g h   t h e   i n t e r i o r  trees provided  remarkably  uniform  residue  values .  

During  October, 1979,  s eve ra l   s amples  were t aken   f rom  the   P r i ce  almond 

f i e l d  where MCPA r e s i d u e s  had  previously  been  found  in   samples   taken  during  June,  

1979.  This  study was conduc ted   fo r   pu rposes   o f   de t e rmin ing   poss ib l e   r e s i s t ance  

of MCPA t o  deg rada t ion  when a d s o r b e d   o n t o   p a r t i c u l a t e  matter on l e a f   s u r f a c e s  

( leaf  s t r i p   v s   p e n e t r a t e d   r e s i d u e s )  as compared to  penetrated  MCPA'residues  on 

l ea f  t i s s u e s .  We a l s o  sampled  the s o i l  s u r f a c e   w i t h i n . t h e   o r c h a r d   ( r e d   l a b e l )  

and t h e   d u s t  on t h e   s o u t h   s i d e   o f   t h e  trees n e x t   t o   t h e   r o a d   ( b l u e   l a b e l ) .  

Core samples, approximately 1 c m  i n   d e p t h  and  3600 cm2 t o t a l   a r e a   p e r   s a m p l e ,  

were a l s o   t a k e n  a t  these   l oca t ions .   S ince   mos t   chemica l s  are readi ly   adsorbed  

Lnto  almond hu l l s   and   p ro t ec t ed   f rom  deg rada t ion ,  i t  was t h o u g h t   d e s i r a b l e   t o  

sample some of   the   few  a lmond  hu l l s   tha t   remained   on   the  trees fo l lowing   ha rves t ,  

and h u l l  samples were taken   f rom  the  trees w i t h i n   t h e   f i e l d   ( r e d   l a b e l )  and 

n e x t   t o   t h e   r o a d   ( b l u e   l a b e l ) .  

No d e t e c t a b l e  MCPA r e s i d u e s  were found i n  any o f . t h e   s a m p l e s  (Table 1 5 ) ,  

c l e a r l y  showing t h a t  MCPA r e s idues   do   no t   ca r ry   ove r   f rom  one   s eason   t o   t he   nex t .  

T h e  r e s idues   found   on   t he   p reapp l i ca t ion  samples taken  on  6/7/79 had t o  come 

f r o m   a n   a p p l i c a t i o n   e i t h e r   n e a r b y   o r   f r o m   f i e l d s   f a r  removed.  The source of 

the contaminat ion   cannot   be   de te rmined   f rom  th i s   s tudy .  

Five samples of  almond  leaves were a l s o   a n a l y z e d   f o r   c h l o r o c r e s o l .  The 

MCPA chromatographic   condi t ions  were used   wi th   the   one   except ion ,   in   tha t   the  

GLC column tempera ture  was 1 4 8 ° C .  No r e s i d u e s  were found  above  the  detect ion 

limit of 0.01 ppm. Samples  analyzed were se l ec t ed   f rom  those   con ta in ing   r e l a -  

t i v e l y   h i g h   r e s i d u e s  of MCPA'and had the   fo l lowing  E.T.  numbers: 5878C, 5886C, 
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5886D, 5887C and 5888B. We were not able to analyze  the cleaned up extracts 

for the 4-chloro-2-methyl-N,N-dimethylphenoxyacetamide, as it was lost in the 

F l o r i s i l  cleanup f o r  the  analysis of MCPA. 



Table 14. MCPA r e s i d u e s  on orchard l eaves  from various 
ranches loca ted   in   But te   County ,  CA 1979.  

_--- 
Days .- -.- _. 

I.D. Date From E.T. Gross 
Location Crop Mark Sample Treatment Number PPm 

Blue 
Price almonds leaves Rep I 6-7-7 9 Pre app . 5873B 

Blue 

Blue 

Blue 

0.05 

58736 0.04 

587 3D KO. 03 

58733 0.04 

V I  I 1  Rep I1 " 

Rep I11 " 

. Rep IV " 

I t  

w I? tt 

n #t II 

U 

n 

n 
Red 

Rep I ?I 5873F 20.03 
Red 

n Rep 11 I' #I 5873G 0.04 

Blue 

Blue 

B l u e  

Blue 

Red 

Red 

Price almoads leaves Rep I 6-17-79 0 5874B 0.12 

n II Rep I1 " a1 58 74C _I_ 

IW 0 Rep 111 I* 5874D 0.07 . 

W a@ Rep IV " l t  58743 0.31 

W en Rep I '! 0 5874F I- 

n I? Rep I1 'I tl 5874G 0.07 

Blue 

Blue 

Blue 

Blue 

Red 

Red 

Price almonds leaves Rep I 6-18-79 1 5875B 0.10 

?P VI Rep I1 " 5875C 0.08 

a t  tI Rep I11 " # I  5875D 0.08 

e- VI Rep IV " 11 5875E 0.07 

81 

0 m I t  1 
t 8  5875F 0.07 

n n Rep I1 " 11 5875C 0.03 
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i 
i 
1 
3 

[ 

DaY s 
. .-  -. . 

I.D. Date From E.T. ; Gross 
Iacotioa Crop Mark Sample Treatment Numbeq PPm 

Price almonds 

n 

It 

Price almonds 

n 

W 

W 

n 

W 

P r i c e  almonds 

#I 

n 

leaves 

B t  

*I 

n 

n 

I? 

leaf 
s t r i p  

Penetrate 
leaf 

e t r l p  
Penetrate 

leaf 
s t r i p  

Penetrate 
leaf 

e t r i p  
Penetrate  

leaf 
s t r i p  
Penetrate 

leaf 
B t r i p  

Penetrate 

Blue 
Rep I 6-23-79 
Blue 

Rep I1 'I 

Blue 
Rep 111 'I 

Blue 
Rep I V  " 

m d .  
Rep I 
Red 

Rep I1 " 

I 9  

Blue 

Blue 

Blue 

Blue 

Red 
Rep I 

Red 

Rep I 6-29-79 

Rep 11 'I 

Rep 111 I' 

Rep Iv " 

(I 

Rep 11 ". 

Blue 
Rep I 10-3-79 

I1 ?) 

Blue 
Rep I1 " 

Rep I11 " 

@I n 

Blue 

*I I* 

Blue 
Rep IV " 

: .Red 
I# @ #  

Rep I 

Red 

I* 

81 t l  

Rep I1 " 
11 0 

5877B 7 
5877C 

.' 

15877~) 
I 

5877E! 

5877F; 

5877Gt 
v 

5878Bi 

5878Ci 

5878e 

58784 
t 

5878$ 

58780 

! 

i 

. i  

1 

5892dI 
5892BII 

5892CI 
5892611 

5892hI 
5892DII 

5892tI 
5892EZX 

589231 
5892FII 

5892GI 
5892GII 

i 

t 

4 

0.10 

0.15 

0.18 

** 0 .42  

, ---- 
0.07 

0.23 

0.26 

**o. 20 

0.08 

0.06 

0.05 . 

eo. 01 
- <o. 01 

<o. 01 
<o. 01 

<o. 01 
<o. 01 

(0.01 
<o. 01 

<o. 01 
<o. 01 

<o. 01 
<o. 01 

** Residues  confirmed by X/% 
. - -  

I 

c . 

I 
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Days 
I . D .  Date From E.T. Grosa 

Location Crop  Mark Sample Treatment Number PPm 

Red 

Blue 
Rep I 6-22-79 0 
Blue 

Reip I1 " 

Blue 
Rep 111 " 

4 w h i  t0 

Rep 1 . White 
Rep I1 " 

6-7-79 Pre app 

I t  

11 

0 ( I  

I? 

McClintock almonds leaves 5885B XO.01 

0.26 

**o. 45 
0 .46  

0.08 

0.06 

5886B McClintock almonds leaves 

5886C 

5886D 

58863 

5886F 

Blue 

Blue 

Blue 

White 

Rep I 6-23-79 1 

Rep I1 " 

Rep XIL " 

Rep 1 

)I 

It  

w t v  

white 
Rep I1 " 

#I 

# 

0.27 w .  n 5887B 

5887C P n **0 41 

0.29 

0.03 

0.07 

W ID 

5887E W n 

n I* 5887F 

Blue 

Blue 

Blue 

white 

whit0  

Rep I 6-29-79 

Rep XI " 

Rep 111 " 

Rep I u t  

Rep I1 " 

McCllntock almonds leaves 0.38 5888B 

n D t  5888C **O. 35 

n 5888D 0.28 

5888E 0.04 

5888F 0.08 

' leaf 
almonds strip 

Penetrate 
leaf 

8 trip 
Penetrate 

leaf 
s t r i p  

Penetrate 
leaf 
s t r i p  

Penetrate 
leaf 

s t r i p  
Penetrate 

Blue 
Rep I 10-3-79 

ID 0 

Blue 
Rep I1 " 

Rep 111 I " ' * #  ' 

*I I@ 

Blue 

81 )I 

White 
Rep 1 0 

I t  I# 

White 
Rep. I1 " 

# #  (1 

103 
I t  

5893BI 
5983BII 

McClintock eo. 01 
. <o. 01 

5893CI 
5893CII 

to. 01 
<o. 01 

B1 

N 

5893DI 
5893DII 

<o. 01 
<o. 01 

5893EI 
5893EII 

<o. 01 
<o. 01 

5893FI 
5893E'II 

xo.01 
(0.01 
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---- -. 

Days 
I.D. Date From E.T. ; Gross 

Location Crop Mark Sample Treatment Number PPm 

Peterson P i e t a c h i o e a  

*I 

W 

I 

n 

W 

Peterson Pistachioas 

n 

IO 

Petersoa P i s t a c h i o e s  

0 

Petarson Pistachioes 

n 

I t  

I 

1 IkClintock Walnuts 

! 
I w 

I n 
6 

___-_- 

leaves 

I 8  

we 

leaV%S 

0 

(1 

leaves 

W 

B* 

leavea 

I? 

n 

leaves 

I1 

88 

leaves 

e* 

I@ 

leaves 

11 

I* 

I@ 

Blue 
West 6-7-79 
White . 
South 
Red 

It  

Ins ide  " 

Blue 
West 6-17-79 
white 
South " 

Red 
Inside " 

Blue 
West 6-18-79 
White 
South 
la t 

Red 
Inside 

Blue 
West 6-22-79 
White 
South 
Red 

Tree Only @ @  

I 1  

I n s i d e  " 

Blue 
West: 6-23-79 
White 
South " 

Red 
Inside " 

Blue 
West 6-29-79 
White 
South " 

Red 
I n s i d e  " 

Red 

Red 

Red 

Red 

Rep I 6-22-79 

Rep I1 " 

Rep I 6-23-79" 

Rep I1 I' 

5879B ' 

5879C 

5879D , 

5880B i 
5880C ' 

5880D I 

5881B I 

5882C 

588m * 

. 1  

5882B 

5882C h 

588233 

i 
5883B 

5883C '. 

5883D 

5884B ; 

58MC 

5884D [ 
i 

I 
, 

5889B i 

5889C 
I 

584m- 3 . t '  

t 
i 

5890C 

1 
f .  

<0.01 

<0.01 

<o. 01 

10.02 

0.03 

40.01 

0.02 

0.01 

-- 

<o . 01 
(0.01 

<o. 01 

<o. 01 

C O . 0 1  

<0.01 

0.02 

0.02 

0.02 

0.32 

0.35 

0: 33- 

0.23 
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MCPA Days 
I D  Date from ET +Gross 

Loca t ion Crop Mark Sampled  Treatment Number PPM 
-- ._ -~_----I-- 

.I_____ - _ _  __- _. . - 
.. . . ... __ 

McClintock  Walnuts 

McClintock  Walnuts 

McCIintock  almonds 
1 0 t h  tree from S.E.  c o r n e r  
f r o n t  row 

McClintock  almonds  5th t ree  
from S . E .  c o r n e r  

McClintock  almonds  5th t ree  
west + 5 trees n o r t h  of 
S .E .  corner  ' 

McClintock  almonds  4th t ree  
i n  f rom  south 

McClintock  almonds 5 trees 
i n  d iaganol  

McClintock  almonds 
5 trees i n   d i a g a n a l  

McClintock almonds 1st row 

McClintock  almonds 1st row 

Martinez  almonds trees 
front row 

Martinez  almonds east 
trees nea r   co rne r  of 
r i c e   f i e l d  

Martinez  almonds 5 trees i n  

Martinez almonds day + 1 
1st row 

Martinez  almonds 5 trees 
i n  from end day + 1 

l e a v e s  

II 

leaves 

l e a v e s  

l e a v e s  

l e a v e s  

leaves 

leaves 

leaves 

l e a v e s  

l e a v e s  

l e a v e s  

l e a v e s  

l e a v e s  

l e a v e s  

Red 
Rep I 
Red 
Rep I 

B-6 

B-10 

B-5 

B-9 

W-15 

W-14 

W-13 

w-3 

B-4 

B-7 

B-11  

W-17 

W-18 

6-29-79 

I 1  

6/19/79 

6/19/79 

6120179 

6/20/79 

7/01/79 

7/01/79 

7 /01/7 9 

7/01/79 

6/19/79 

6/19 /7 9 

6120179 

6/23  179 

6/23/79 

7 

II 

-3 

-3 

-2 

-2 

+9 

+9 

+9 

+9 

-3 

-3 

-2 

+1 

+1 

5891B 

5891C 

,5894B 

5894C 

5894D 

5894E 

5894F 

5894G 

58 94H 

58 94 I 

5895B 

5895C 

5895D 

5895E 

5895F 

0 . 2 1  

0.27 

0.06 

0.07 

0.03 

0.06 

0.03 

0.03 

0.07 

0.16 

0.21 

0.14 

0.08 

0.09 

0.04 
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Locat  ion 

MCPA Days 
I D  Date from ET Gross 

Crop Mark Sampled  Treatment Number PPM 

Martinez  almonds 1st row l e a v e s  W-21 6/23/79 +1 58.95G 0.24 
day + 1 

Martinez  almonds 5 trees l e a v e s  W-23 6/23/79 +I 58 9 5H 0.05 
i n  from  row  day + 1 

Martinez  almonds 1st row leaves W-9 7./01/79 +9, +1 58951 0.10 

Martinze  almonds 5 trees i n  leaves W-10 7/01/79 +9, +1 5895.7 0.07 

Martinez  almonds 1st row l e a v e s  W-12 7/01/79 +9, +I 5895K 0.15 

Martinez  almonds 5 trees i n   l e a v e s  W-11 7/01/79  +9, +1 58951, 0.07 

Martinez  almonds 5 rows i n   l e a v e s  W-26 7/17/79  +26, +I8 5895M 0.07 

Mart inez  a lmonds  f ront  row l e a v e s  W-24 7/17/79  +26, 5895N 0.08 

Mart inez  a lmonds  f ront   row  leaves W-24 7/17/79  +26,  58950  0.09 

Montgomery almonds leaves B-8 6/19/79 -3 58 9 6B 0.19 

Montgomery almonds east leaves B-2 6/19/79 -3 5896C 0.09 
tree 

Montgomery almonds 5 trees l e a v e s  B-6 6/20/79 -2 5896D 0.06 
i n  from edge 

Montgomery almonds 5 trees l e a v e s  B-1 6/20/79 -2 58 96E 0.04 
i n  

Montganery  almonds 5 .trees l e a v e s  W-19 6/23/79 +1 58 96F 0.04 
i n  day + 1 
Montgomery almonds 1st row l e a v e s  W-20 6/23/79 +1 58966 0.08 
d a y  + 1 

?(rmtgrJmery almonds 1st row leaves W-27 6/23/79 +1 5896H 0.08 
t ree  day + 1 

Montgomery a lmonds   5 - t rees   l eaves  W - 1  7/01/79 +9 58961 0.08 
i n  from south 
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MCPA Days 
I D  Date from ET Gross 

Locat  ion Crop Mark Sampled Treatment Number PPM 

Montgomery almonds 1st row 

Montgomery almonds 1st row 

Montgomery almonds  5-trees 
f n  from south  

P e t e r s o n s   P i s t a c h i o s  
o u t e r  S.W. corner  

Pe terRons   P is tachios  
o u t e r  S.W. Comer 

P e t e r s o n s   P i s t a c h i o s  
o u t e r  S.W. corner  

P e t e r s o n s   P i s t a c h i o s  
4 trees in   f rom So. 

leaves 

l e a v e s  

l e a v e s  

leaves 

leaves 

l e a v e s  

leaves 

W- 6 

w-7 

W-8 

w-2 

w-4 

W-16 

W-5 

7 /01/79 +9 58965 

7 /01/79 +9  5896K 

7/01/79 +9 5896L 

7/01/79 +9  5897B 

7/01/79 +9  5897C 

7/01/79 +9 5897D 

7 10117  9 +9  58972;: 

. .  - 

0.12 

0.16 

0.06 

0.02 

0.02 

0.02 

0.02 



Price almond orchard  

P r i c e  almond orchard  

Price almond  orchard 

Price almond  orchard 

Dust + 
f i l t e r  

S o i l  
c o r e  

Table  15. MCPA r e s i d u e s  on d u s t  and almond h u l l s .  

MCPA Days 
I D  Date from ET Gross 

Locat ion Crop Mark Sampled Treatment Number PPM 
. -c -_ -- . . . . . . . . . 

Price almond orchard  Dust + Blue  10/03/79  108 5899B <O . O l  
f i l t e r s   r e p  I 

6r 11 

Dust + Blue  10/03/79  108 5899C <O. 01 
f i l t e r s   r e p  111 

6r I V  

Dust red  10 /03  /7  9  108 58992) 4.01 
+ f i l t e r s   r e p  I 

S o i l  
c o r e  

P r i c e  almond o r c h a r d   S o i l  

Price almond orchard  Almond 
h u l l s  

P r i c e  almond orchard  Almond 
h u l l s  

61 11 

Road 10/03  /79 
Dust 

Blue  10/03/79 
r e p  I 
& I1 

Blue 10/03 /7 9 
r e p  I11 
6 I V  

Red 10/03 /79 
Rep I 
& I1 

Red 10 /03  /79 
i n s i d e  

Blue  10/03  /79 
o u t s i d e  , 

108  58993 <O. 01 

108 5899F <O. 01 

1 0 8   5 8 9 9 ~  (0.01 

1 08 58998 (0.01 

108 5B98C <O. 01 

108 5898B <O . O l  
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V I .  GENERAL  CONCLUSIONS 

MCPA (4-chloro-2-methylphenoxyacetic a c i d ) ,   u s u a l l y   a p p l i e d  as t h e  dime- 

thylamine sa l t ,  has become t h e   p r i n c i p a l   h e r b i c i d e   f o r   c o n t r o l   o f   b r o a d l e a f  

weeds i n  Central Val ley  r ice.  The 1979 a p p l i c a t i o n   t o  a monitored area i n  

c e n t r a l  B u t t e  County ,   Cal i forn ia ,   involved   on ly  a s i n g l e  aer ia l  sp ray ing   t o   each  

of s e v e r a l   f l o o d e d  r i ce  f i e l d s  a t  a ra te  of approximately one pound p e r   a c r e  

a s  a n   a q u e o u s   s o l u t i o n   u n d e r   c o n d i t i o n s   s p e c i f i e d   a n d ' m o n i t o r e d  by t h e  County 

Agricultural   Commissioner.  

The p u r i t y  of  .spray  concentrate--as  determined  by  gas  chromatography, 

high-pressure  l iquid  chromatography,   and mass spectrometry--was  very h i g h ,  The 

p r i n c i p a l   i m p u r i t y  was 2-methylphenoxyacet ic   acid  ( l%),   wi th  smaller amounts of 

o t h e r   c h l o r i n a t e d   p h e n o x y a c e t i c   a c i d s ;   t h e   o n l y   n e u t r a l   i m p u r i t y   o c c u r i n g  above 

about  1 ppm was MCPA dimethylamide,   and  no  dioxins   or   dibenzofurans were d e t e c t -  

a b l e  a t  t h i e  level .  

However, d e s p i t e  cl imatic s a f e g u a r d s ,   a p p l i c a t i o n   e f f i c i e n c y  and  uniformity 

a p p e a r e d   t o  be much lower  than  expected,  and a s i g n i f i c a n t   p r o p o r t i o n   o f   t h e  

sp ray  may have .been   d i sp , e . r sed   i n to   t he   a tmosphe re .  The use  of  high-volume a i r  

s ample r s ,   equ ipped   w i th   mac ro re t i cu la r   r e s in   adso rben t ,  was g e n e r a l l y   s a t i s f a c t o r y  

f o r   t h e   c o l l e c t i o n  of a i r  s a m p l e s   ( e f f i c i e n c y  > 8 0 % ) ,  and  microcoulometric gas 

chramatography  (Cl-specif ic)  of me thy la t ed   r e s idues   pe rmi t t ed   quan t i t a t ive   ana lys i s  

down t o  3 ng/m3 f o r  one-hour c o l l e c t i o n   p e r i o d s  and less than 1 ng/m3 fo r   l ong-  

term c o l l e c t i o n s .  The  microcoulometric  method  also was b e s t  fo r  t h e   a n a l y s i s  

of  f o l i a g e  samples; o t h e r   a n a l y t i c a l   p r o c e d u r e s   r e s u l t e d   i n  low r e c o v e r i e s ,  

v e r y   h i g h   b l a n k   v a l u e s ,   a n d / o r   t h e   i n t r o d u c t i o n  of  c h e m i c a l   i n t e r f e r e n c e s  which 

would l e a d   t o   f a l s e - p o s i t i v e   r e a d i n g s .  The i d e n t i t y  of bo th   a i rbo rne  and f o l i a g e  

r e s i d u e s  was pos i t ive ly   conf i rmed  by  mass spectrometry.  



74 

MCPA/DMA sp ray   fo rmula t ions   p roved   t o   be   ve ry   r ap id ly   deg raded  by s u n l i g h t .  

The p r i n c i p a l  breakdown  product,   chlorocresol (4-chloro-2-methylphenol), was 

accompanied by o t h e r   v o l a t i l e   p h e n o l s .  and MCPA dimethylamide .   In   th in  films o r  

d r o p l e t s ,   t h e  MCPA was over  50% d e g r a d e d   w i t h i n   t h e   f i r s t   d a y ,   a n d   d e g r a d a t i o n  

was la rge ly   comple te   w5th in  a week to   p roduce  a m i x t u r e   p r i m a r i l y   c o n t a i n i n g  

u n i d e n t i f i e d   a c i d s .  The c h l o r o c r e s o l   v o l a t i l i z e d   i n t o   t h e   s u r r o u n d i n g   a t m o s p h e r e  

as  i t  formed. 

Analys is   revea led   the   p resence   o f   bo th  MCPA and c h l o r o c r e s o l   i n  t h e  atrnos- 

phere   immedia te ly   fo l lowing   spray   appl ica t ions .   Al though  the  levels were ' lower  

a t  t h e  upwind edge   of   the   sprayed  r ice  f i e l d s   t h a n  a t  t h e  downwind edge ,   the  

upwind incu r s ion  was v e r y   d e f i n i t e .  A s  might   be   expec ted ,   a tmospher ic   res idues  

dec l ined   w i th  downwind d is tance   . f rom  the   source   and   wi th  time, a l though   t he  

i n c r e a s i n g   r a t i o  of c h l o r o c r e s o l   . t o  MCPA re f l ec t ed   bo th   pho tochemica l   deg rada t ion  

in   t he   sp ray   and   even tua l   deg rada t ion   and   vo la t i l i za t ion   f rom water and leaf 

su r faces .   A l though ' the   r e s idue  levels f r o m   a n y   s p e c i f i c   a p p l i c a t i o n   e v e n t u a l l y  

w i l l  r each  low va lues ,   measu rab le   r e s idues  may be  found  for  several k i lome te r s  

downwind. 

However,   Sacramento  Valley  applications  of MCPA are concen t r a t ed   In to  a 

r e l a t i v e l y   r e s t r i c t e d  area rep resen t ing   t hose   po r t ions   o f   e igh t   coun t i e s   wh ich  

border   on   r iver   sys tems.   The   per iod   of   appl ica t ion  is short--normally  about '  

t h r e e  weeks i n  l a t e  June   and   ea r ly   Ju ly ,   and   du r ing   t ha t   pe r iod  i n  1979,  roughly 

457,000 pounds  of   actual  MCPA/DMA were a p p l i e d   t o   t h e  area. I t  is n o t   s u r p r i s -  

i n g   t h a t   w i t h i n  several days   o f   the  start of t he   sp ray   pe r iod ,   t he re   deve loped  

a s ign i f i can t   ambien t   background   l eve l   o f   a tmosphe r i c  MCPA which  influenced 

a l l  subsequen t   mon i to r ing   r e su l t s .  
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This   r e s idue   background   becomes   o f   pa r t i cu la r   s ign i f i cance   i n   o rcha rds  

a d j a c e n t   t o  the r ice  f i e l d s .  Air sampl ing   w i th in   t he   o rcha rds   du r ing  and a f te r  

the  sp ray ing   r evea led   l ow  bu t   r a the r   cons i s t en t  MCPA and c h l o r o c r e s o l   l e v e l s  

a l t h o u g h   t h e  trees were upwind  and  protected by a bu f fe r   zone .  MCPA r e s i d u e s  

i n d e e d   w e r e . d e t e c t a b l e   o n   f o l i a g e ,   a l t h o u g h   t h e   h i g h e s t   v a l u e  was 0 . 2 4  ppm and 

more t y p i c a l   p o s i t i v e   v a l u e s  were 0.05-0.10 ppm; however, the a n a l y t i c a l   d a t a  

n o t   o n l y   i n d i c a t e   t h e   p r o b a b l e   r e i n f o r c e m e n t   o f   t h e   i n i t i a l   r e s i d u e s  by la te r  

s p r a y  a p p l i c a t i o n s   t o  more d i s t a n t   f i e l d s   b u t   a l s o   t h e   p r e s e n c e  of comparable 

r e s i d u e s  of MCPA even   be fo re   gene ra l   sp ray ing   i n   t he   mon i to r ing  area. Perhaps 

d u e   t o   v o l a t i l i z a t i o n ,   c h l o r o c r e s o l   r e s i d u e s  were no t   de t ec t ed  on f o l i a g e ,  and 

any MCPA amide was s a c r i f i c e d   i n   t h e   a n a l y t i c a l   p r o c e s s .  

F o l i a g e   a n d   f r u i t   s a m p l e s   c o l l e c t e d  3 months a f t e r   t he   nea rby   sp ray ing   con-  

t a i n e d   n o   d e t e c t a b l e   r e s i d u e s  when analyzed by a method  which  would  measure  the 

p r i n c i p a l  known MCPA m e t a b o l i t e s  as well as absorbed  and  surface MCPA. Dus t  

from t h e   o r c h a r d   f l o o r   a n d   a d j a c e n t  roadway l ikewise   con ta ined  no  measurable 

MCPA a t  t h a t  t i m e .  Therefore ,  the pre-spray   leaf   res idues   p robably   do   no t   repre-  

sen t   car ryover   f rom a p r e v i o u s   s e a s o n ' s   s p r a y i n g   b u t   r a t h e r   d r i f t   f r o m  ea r ly  

MCPA s p r a y   a p p l i c a t i o n s   o b s e r v e d  a t  d i s t a n c e s   o f   s e v e r a l   k i l o m e t e r s .  About 2% 

of t h e   t o t a l  MCPA/DMA u s e d   i n   t h e  8 c o u n t i e s  w a s  a p p l i e d   t o   w h e a t ,   o a t s ,  and 

bar ley  during  Winter   and  Spring  months  and  conceivably  could make a small 

c o n t r i b u t i o n   t o   t h e   r e s i d u e s   d e t e c t e d  l a te r .  

However, i t  i s  t h e s e   w i n t e r   a n d   s p r i n g   a p p l i c a t i o n s ,   o r   t h e   s i m i l a r  and  more 

e x t e n u i v e  use of 2,4-D, which  might  be  expected t o  c a u s e   f o r m a t i v e   e f f e c t s   i n  

emerging new f o l i a g e .   N e i t h e r  new nor   mature  leaves showed obvious   s igns  of 

damage from  normal r ice  f i e l d  applications--microscopic examination was beyond 
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t he   s cope  of t h i s   p r o j e c t - - a l t h o u g h   a c c i d e n t a l l y - s p r a y e d   f o l i a g e  was s e v e r e l y  

damaged and showed t h a t   a b s o r p t i o n  can occur.’  The  absence  of  hydrolyzable 

f i x e d   m e t a b o l i t e s  seems p e c u l i a r ,   b u t   c o u l d   i n d i c a t e  a r educed   ab i l i t y   o f   ma tu re  

l e a v e s  of tree s p e , c i e s   t o   a b s o r b   t h e  DMA s a l t  a t  low exposures .  A much more 

e x t e n s i v e   i n v e s t i g a t i o p  would be   r equ i r ed ,   t o   r evea l   l ong- t e rm damage t o   t h e  

trees o r  t o   h a r v e s t   y i e l d s ,   b u t   s u c h   e f f e c t s  are n o t   r u l e d  o u t  by the   p re sen t  

evidence. . .  

The movement of t h e   s p r a y   d r i f t  is n o t   t o o   s u r p r i s i n g .  The p r e v a i l i n g  

summer wind i n  t h e  test area is f rom  the   sou th ;   t ha t  is ,  t h e   o r c h a r d s   g e n e r a l l y  

are  downwind f r o m   t r e a t e d   f i e l d s .   A l t h o u g h   t h e   r u l e   r e s t r i c t i n g   s p r a y   a p p l i c n -  , 

t i o n s   t o   t h e   b r i e f   p e r i o d 4  of n o r t h e r l y  wind d o u b t l e s s   p r o t e c t s   t h e  trees from 

t h e  most di rec t   spray ,   even   the   buf fer   zone   can   on ly   reduce   a tmospher ic  d i s p c r -  

s i o n  of spray  and  vapor   caused  by  turbulence  and.rapidly-changing wlnd p a t t e r n s .  
n 

T h i s  constant   mixing  produces a f a i r l y  uni f0r .m  concent ra t ion  of 5-10 ng/m’ i n  

a i r  dur ing   the   spray   season   which   then   drops   be low  the   de tec t ion   leve l  by mid- 

A u g u s t ;   c o n t i n u e d   p h o t o l y s i s   a n d   v o l a t i l i z a t i o n  would t end   t o   ma in ta in   ch lo roc reso l  

levels well p a s t   t h e   a p p l i c a t i o n   p e r i o d .  

The e f f e c t s   o f   c h l o r o c r e s o l  remain unknown, as does i t s  a tmosphe r i c   f a t e .  

I n  water or  s p r a y ,  i t  i s  degraded   by   ox ida t ion   and   hydro lys i s   abou t   a s  r a p i d l y  

as i s  MCPA/DMA; d e g r a d a t i v e   r e a c t i o n s  in t he   vapor  state probably would be  d l S -  

f e r e n t ,  if i ndeed   t hey   occu r .   Tha t   ch lo roc reso l   even tua l ly  becomes t h e   p r i n c i -  

p a l   a t m o s p h e r i c   r e s i d u e   s u g g e s t s   t h a t  its own degrada t ion  may be  slow. 

Although t h i s   i n v e s t i g a t i o n  was n o t   d i r e c t l y   c o n c e r n e d ’ w i t h  human h e a l t h  

imp l i ca t ions   o f  MCPA s p r a y i n g ,   s e v e r a l   o b s e r v a t i o n s  may b e   p e r t i n e n t .  HCPA 

h a s   r e c e i v e d   s u b s t a n t i d   t o x i c o l o g i c a l   a t t e n t i o n   d u r i n g   t h e   p a s t  few years .  
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Gurd e t  a1 (1965)  showed t h a t  MCPA sa l t s  were o n l y   m o d e r a t e l y   t o x i c   t o  rats 

( a c u t e   o r a l  LD50 800 mg/kg as d i e t h a n o l a m i n e   s a l t )   a n d  mice ( a c u t e   o r a l  LD 

550 mg/kg as  d ie thanolamine  salt  and  560  mg/kg as  Na sa l t ) .   N ine ty   day   f eed ing  

of ra ts  a t  50 ppm i n   t h e   d i e t  showed no   e f f ec t   on   g rowth ,   food   i n t ake ,   mor t a l i t y ,  

biochemistry,   organ  weight ,   or   h is topathology,   and  the  erythema  produced by 

con t inuous   con tac t   o f   r abb i t   sk in   w i th   500  mg/kg MCPA f o r  3 weeks was r e v e r s i b l e  

50 

when t h e  agent: was removed;  more s e v e r e   e f f e c t s  were observed a t  h igher   doses  

(Verschuuren e t  a l ,  1975) .   The   acu te   i p  LD50 o f   c h l o r o c r e s o l   i n  rats was shown 

to be  1190 mg/kg, b u t  100 mg/kg/day i p   f o r  4 weeks a f f e c t e d   o n l y   t h e   i n t e s t i n a l  . 

mucoaa (Ha t tu l a  e t  a l ,  1979) .  

1nges. t ion  of  MCPA e t h y l  ester by  pregnant rats r e s u l t e d   i n  n o   a d v e r s e   f e t a l  

e f fec t s  at .  e i t h e r  40  o r  500 ppm i n   t h e   d i e t   d u r i n g   d a y s  8 t o   1 5  of g e s t a t i o n  

(Yasuda  and  Maeda,  1972); human males c l e a r e d  a 5 mg dose of  MCPA wi th in  5 days,  

during  which all c l i n i c a l  tests showed normalcy   (F je l s tad   and  Wannag, 1977) ,  

a l though  mi ld   changes   occur red   in   semini fe rous   ep i tha lamium of some rats follow- 

ing i nges t ion   o f  water con ta in ing  100 mg/L of MCPA sodium s a l t  (El0 and  Parvinen).  

MCPA and i t s  m e t a b o l i t e s  were n o t   m u t a g e n i c   i n   b a c t e r i a  (Ames assay)  (Rasanen e t  

a l ,  1977).  

As ide   ' f rom  acc identa l   mass ive   exposure ,   measureable   e f fec ts   f rom  ora l  or 

dermal e x p o s u r e   t o  MCPA sa l t s  d u r i n g   o r   a f t e r   n o r m a l   s p r a y i n g   o p e r a t i o n s  seem 

un l ike ly ,   and   exposure  to c h l o r o c r e s o l   t h r o u g h   t h e s e   r o u t e s  would b e   n e g l i g i b l e .  

However ,   no  information  on  inhalat ion  toxicology of e i ther   subs tance   has   appeared  

i n  t h e   l i t e r a t u r e ,  and t h e i r   s o l u b i l i t y  i n  bo th  water and o r g a n i c   s o l v e n t s  

sugges t s  t ha t  pene t r a t ion   i n to   t he   l ung   migh t   be   poss ib l e ;   a l t hough   t he   a tmosphe r i c  

l e v e l s  of  t h e  two  compounds s u g g e s t   t h a t  the dose  probably would never  exceed 

0 .5  p g / h r ,   f u t i m e   c o n s i d e r a t i o n   o f   i n h a l a t i o n   e f f e c t s  may be   adv i sab le .  
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Appendix IA 

USE OF MCPA  AMINE  SALT IN EIGHT CALIFORNIA COUNTIES 

BY MONTH AM) YEAR, 1974 - 78  

Appendix  IB 

USE OF ALL OTHER  MCPA  DERIVATIVES IN EIGHT CALIFORNIA 

COUNTIES BY.MONTH AND YEAR, 1974 - 78  
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Appendix I IA 

TOTAL  POUNDS OF MCPA  AMINE  SALT  USED IN EIGHT CALIFORNIA 

COUNTIES BY MONTH  AND YEAR, 1974 - 78 

Appendix I IB 

TOTAL POUNDS OF ALL OTHER MCPA DERIVATIVES USED IN EIGHT 

CALIFORNIA COUNTIES BY MONTH AND'YEAR, 1974 - 78 
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Append ix I  I I 

1,OCATION OF MCPA  APPLICATIONS IN EIGHT CALIFORNIA 

COUNTIES, 1979 
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SCALE: 
~- , . . . . . . . . . . . E..::::.:.:;:: PESTICIOE  APPLICATION 

(PLOTTED BY SECTIONS) 
EACH DOT = 70 LBS OF NCPA 
TOTAL LBS PLOTTED = 9423.75 
TOTAL LBS NOT REPORTED  BECRUSE 

OF DATA  ERRORS = 0.00 
A RIVERS RNO CANALS 
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S F I C R R M E N T O  C O U N T Y  
19 
MC 

.. .. 
.. .. * .  

79 
Pfl .. .. 

SCALE: &!!w!. 
iiil ...:ii:-: i : i l i i  PESTICIOE  APPLICRTION 

[PLOTTED BY SECTIONS) 
EACH  DOT - 70 LBS OF HCPA 
TOTAL LE9 PLOTTED = 22293.77 
TOTAL LBS NOT RETORTE0 BECAUSE , 

OF DATA ERRORS = 0.00 
RIVERS AN0 CANALS 

~. 



113 

.. 
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S U T T E R  
1979 .. 
MCP'ii 

C O U N T Y  

SCALE: +U!&L~ 
Ml:. iii:*: i:i Ii i  PESTICIOE  APPLICATION 

(PLOTTED BY SECTIONS) 
EACH DOT 90 LBS OF RCPA 
TOTAL  LBS  PLOTTEO - 92970.47 
TOTAL L83 NOT REPORTED BECAUSE 

OF DATA ERRORS - 1910.76 
RIVERS AND CANALS 

. . . . . . . 
:*: . . . . . . . . 

.. 
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YOLO C O U N T Y  
1979 
MCPFl 
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Y U B R  C O U N T Y  
1979 
M C P R  

SCALE: I :6 , " ! L b  
Rfi :.:::.a. :::!!I PESTICIDE  APPLICATION . . . . . . . 

(PLOTTED BY SECTIONS1 
EACH DOT - 70 LE3 OF MCPl 
TOTRL LBS PLOTTED - 17479.67 
TOTAL L8S NOT REPORTED BEMUSE 

OF; DCITA € M O A S  - 205.54 
0 RIVERS AND CANALS 
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A p p e n d i x  I V  

USE OF ALL FORMS OF 2,4-D I N  EIGHT  CALIFORNIA 

COUNTIES BY MONTH AND YEAR, 1974 - 78 
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A p p e n d i x  V 

TOTAL  POUNDS OF ALL FORMS OF 2,4-D USED I N  EIGHT 

CALIFORNIA COUNTIES BY MONTH AND YEAR, 1974 - 78 
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Appendix V 
214-0 (ALL USAGE) _ _ _ _ _ _  . - ---. CLI --- --..-- - 
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A p p e n d i x  V I  

TABLE A-I RESULTS OF HI-VOL AIR SAMPLING, JUNE 1 7 ,   1 9 7 9  

(JOHNSON RICE) 

TABLE A-I1 RESULTS OF HI-VOL A I R  SAMPLING, JUNE 22, 1 9 7 9  

(SKINNER RICE) 

TABLE A-TI1 RESULTS OF HI-VOL A I R  SAMPLING, JUNE 30, 1 9 7 9  

(SKINNER R I C E )  

See t ex t  of P a r t  I V  f o r  e x p e r i m e n t a l  c o n d i t i o n s .  



I 

I 

I 

I 

d
 

N
 
0
 

d
 

I 

U
 

VI 
m

 
0
 

I 

I 

I 

I 

I 

I 

I 

I 

U
 
0
 

* d I 
0

 
U
 

N
 

d
 

hl 
V

 

U
 
U
 

m
 

d
 

0
 

0
 

N
 

V
 

0
 

U
 
U
 

d
 

0
 

I 

U
 

N
 

d
 

hl 
V

 3
 

4
 

m
 

8-4 

0
 
0
 

N
 

V
 

00 
I-
 

0
 

Vl 
m

 
0
 

4
 .. b
 
0
 

d
 

0
 
0
 

P
 

U
 

I4
 

m
 

U
 
0
 

r
l I 

m
 
0
 

m
 

d
 

o
\
 

VI 
0
 

U
Y
 

VI 
\o

 
ul 

m
 

U
 
0
 

l-
i 
I 

m
 

0
 

m
 

d
 

VI 
d

 .u
-i 

0
 

U
Y 

0
 

0
 

m
 

(d
 

x 
a
 

d
 

V
I 
h
 

a
 (d
 

N
 0
 

r.4 

0
 
0
 

I-
 

0
 

r
i
 

0
 

0
 

I-
 

O
 

t4 

0
 

r
i 

u.4 aJ 8 P
 

(d
 

a 

.
I
 

N. r
i 

V
 

(d
 



Table A - I ,  cont. 

South Edge of Pr ice   Orchard  South Edge of Rice F i e l d  (0.3 m h i g h )  b 

Amount, Air Volum Conc. i n  Sampling Amount Air Volume Conc. in Sampling 
Time ng Sampled, mf Air, ng/m Period ng Sampled, m Air, ng/m P e r i o d  

MCPA 1 , 9 9 3  

4-CLOC 22,158 
1 hour 

17 - 
110.9 0845-1021 

200 - 

2 hours - 
1,875 

24,200 
- 142.2 

13 

170 
0945-1152 

1,050 8 2,175  17 
5 hours 134.4 1240- 1440  127.7  1300-1454 

20,100  15 0 < 200 < 2  

2,326  35 4,400  65 

26,300 391 16,800 2 50 
1 day 67.2  1312-1412  67.2  1251-1351 

400 

1,050 
2 days  

6 1 ,730 

15 2,500 
1624-1727  110.9 

16 

22 
1606-1745 

bSarnpler moved into t r e a t e d  f ie ld  on d a y s  1 and 2. 
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TaSle A - 1 1 ,  c o n t .  

d South Edge of Rice F i e l d  d 
Xorth  Edge of Rice Field 

~ o u l l t ,  Air Volume Conc. i n 3  Sampling k m u n t  Air Volume Conc. i n  Sampling 
Time nF Sampled, m3 Air, ng/m Period ng Sampled, m Air, ng/m Pe r iod  

MCPA 26,000 2 07 82,800  573 
Spray  125.4 0817-1009 144.5 0833-1042 

4-CLOC . 2,610 2 1  17 ,600  1 2  2 

1,050 6 28  ,O5Of 137 

. 10,550 57 18 ,150f  88 

980 10 17,850'  231 

1 hour  184.8  1148-1436  205.0 1206-1509 

5 hours  100.8  1442-1618  77.3 1521-1633 
< 200 < 2  8,775'  114 

4,075 
MCPA 2,350 

38 
35 
- 

1 daye 107.5  1000-1136 
20 1430-1530 

30 
2,175 

4-cL0c 1,988 

67.2 - - - 

490 5 - - 
90.7  1057-1218 - - 

3 davs 
2 , 2 2 5  24 

dBoth s t a t i o n s  were approximately 7.6 m n o r t h  and south.  
e 

fMCPA: 23,100 ng ,  33,000 ng; 4-CLOc; 14,400 ng, 21,900 ng. 

%CPA: 17,800 ng ,  17,900 ng; 4-CLOC: 6,750 ng, 10,800 ng. 

- - 

North  Edge  data   reported as morning  (upper  numbers)  and  afternoon  (lower  numbers). 



Table A-TI, cont .  

201 m South of Rice F i e l d  402 m South of Rice F i e l d  

Amount, Air Volume Conc. in., Sampling Amount Air Volumeg Conc. in., Sampling 
Time ng Sampled, m3 Air, ng/m Period ng Sampled,  m Air, ng/m P e r i o d  

62 
0839-1115 

1 hour 
9 ,600 



144 



Append ix  TI I1 
- 

Spray  0.5-1  hour 

Amount, Air Volumg Conc. i n  Sampling Amount Air Volume Conc. i n  Sampling 
3 Locat ion ng Sampled, m Air, ngfm Per iod  ng  Sampled, rn Air, ngfm Per iod  

NW Orchard 

Higha  77.3  1009-1118 - 
MCPA < 200 < 3  - - 

- 
4-CLOC 11,100  144 - - 

NW Orchard  1,050 11 6 10 2 
94 .1  1118-1242  252 .O 1255-1640 a Low 17,900  190 10,000 40 

North 960 5 - 
Orchardb ' 12,325  60 - - 

N. Edge 8,500 46  1,770 10 
of Rice 185.9  1008-1254  168.0  1315-1545 
Fie ld   9 ,100  49 8 ,550   51  

S .  Edge  46  ,500d  346  5  ,788e  45 
of Rice 134.4 1000-1200 127.7  1212-1406 
F i e l d   1 0  ,375d 77 11 ,262e 88f 

- 
206.1 1008-1312 - - 

(7.6 m) 

%cClintock  orchard a t  canopy  top  and 1 . 2  m above   orchard   f loor .  

bHart inez  orchard;  MCPA average  of  990 ng and  930 ng; 4-CLOC average of 12,150  ng  and  12,500 ng. 

%CPA and 4-CLOC confirmed  by GC /MS. 

%CPA: 54,400 ng, 38,600 ng; 4-CLOC: 13,000  ng,  7,750 ng. 

%CPA: 5,825 ag, 5,750  ng; 4-CLOC: 13,725  ng,   8 ,800  ng.  

fSamplers shut o f f  p r e m a t u r e l y , ;   c o n e ' s   a r e   a c t u a l l y   g r e a t e r .  
- . _  



Table A-111, c o n t .  

Spray 0.5-1 hour 

Amount, A i r  Volum Cone. i n  Sampling Amount Air Volume3 Conc. in   Sampling 
ng  Sampled, ms Air, n g h  P l _ l L * i d  ng  Sampled, m Air, n g h  Per iod  Locat ion 

201 m 6,900 5 lg 87 0 
South of 
Rice F i e l d  7,650  578 

5 

12,950  76 
134.4  1012- 12 12 171.4 1215-1448 

~ 

2 ,556h 18 2,151' 402 m 
South of 
Rice F i e l d  10 ,175h 72 

12 
184.8  1224-1509 

10,612'  57 
141.1 1012-1218 

'Samplers  shut off prematurely;   conc 's  are a c t u a l l y   g r e a t e r .  

SCPA:  2,512  ng,  2,600  ng; 4-CLOC: 10,250 ng,  10,100 ng. 

h C P A :  2,362  ng,  1,940  ng; 4-CLOC: 10,400  ng,  10,825  ng. 
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